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PREFACE 


TO 


THE    PEEVIOUS   EDITION. 


In  preparing  an  Edition  of  these  Dialogues  which  should  contain 
some  of  the  recent  acquisitions  to  science,  I  have  been  careful  to 
adhere  strictly  to  the  spirit  of  tlie  Author  ;  and  also  not  to  coniuse 
the  young  reader,  for  whose  use  alone  the  book  is  written,  with 
matter  too  abstruse  for  his  comprehension.  I  have  made  very 
few  inroads  upon  the  original  text :  where  I  have  felt  it  neces- 
sary to  erase  any  passage,  I  have  substituted  the  modem  inter- 
pretation. My  pen  at  times  has  been  yearning  to  run  on  and 
enter  more  fully  into  detail  on  subjects  upon  which  I  have  been 
compelled  barely  to  touch.  In  presenting  to  my  young  friends 
this  edition  of  "  Joyce's  Scientific  Dialogues "  in  its  integrity,  I 
hope  they  will  derive  as  much  pleasure  and  instruction  from  it  as 
I  myself  remember  to  have  derived  in  my  boyish  days. 

Chables  V.  Wauver. 


PREFACE. 


The  Author  of  this  Volume  feels  himself  extremely  happy  in  the 
opportunity  which  this  publication  affords  him  of  acknowledging 
the  obligations  he  is  under  to  the  Authors  of  "Practical 
Education,"  for  the  pleasure  and  instruction  which  he  has  de- 
rived from  that  valuable  Work.  To  this  he  is  indebted  for  the 
idea  of  writing  on  the  subject  of  Natural  Philosophy  for  the  use 
of  Children.  How  far  his  plan  corresponds  with  that  suggested 
by  Mr.  Edgeworth,  in  his  chapter  on  Mechanics,  must  be  left 
with  a  candid  public  to  decide. 

The  Author  conceives,  at  least,  he  shall  be  justified  in  assert- 
ing, that  no  introduction  to  Natural  and  Experimental  Philosophy 
has  been  attempted  in  a  method  so  familiar  and  easy  as  that 
which  he  now  offers  to  the  public — none  which  appears  to  him 
so  properly  adapted  to  the  capacities  of  young  people  of  ten  or 
eleven  years  of  age ;  a  period  of  life  which,  from  the  Author's 
own  experience,  he  is  confident  is  by  no  means  too  early  to 
induce  in  children  habits  of  scientific  reasoning.     In  this  opinion 
he  is  sanctioned  by  the  authority  of  Mr.  Edgeworth.     "  Pai-ents," 
says  he,  "are  anxious  that  children  should  be  conversant  with 
mechanics,  and  with  what  are  called  the  mechsmical  powers. 
Certainly  no  species  of  knowledge  is  better  suited  to  the  taste 
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and  capacity  of  youth,  and  yet  it  seldom  forms  a  part  of  early 
instruction.  Everybody  talks  of  the  lever,  the  wedge,  and  the 
pulley,  but  most  people  perceive  that  the  notions  M^hich  they 
have  of  their  respective  uses  are  unsatisfactory  and  indistinct ; 
and  many  endeavour,  at  a  late  period  of  life,  to  acquire  a  scientific 
and  exact  knowledge  of  the  effects  that  are  produced  by  imple- 
ments which  are  in  everybody's  hands,  or  that  are  absolutely 
necessary  in  the  daily  occupations  of  mankind." 

The  Author  trusts  that  the  whole  Work  will  be  found  a  com- 
plete compendium  of  Natural  and  Experimental  Philosophy,  not 
only  adapted  to  the  understandings  of  yoimg  people,  but  well 
calculated  also  to  convey  that  kind  of  familiar  instruction  which 
is  absolutely  necessary  before  a  person  can  attend  public  lectures 
in  these  branches  of  science  with  advantage.  **  If,"  says  Mr. 
Edgeworth,  speaking  on  this  subject,  ^'  the  lecturer  does  not 
communicate  much  of  that  knowledge  which  he  endeavours  to 
explain,  it  is  not  to  be  attributed  either  to  his  want  of  skill  or  to 
the  insufficiency  of  his  apparatus,  but  to  the  novelty  of  the  terms 
which  he  is  oUiged  to  use.  Ignorance  of  the  language  in  which 
any  science  is  taught  is  an  insuperable  bar  to  its  being  suddenly 
acquired :  besides  a  precise  knowledge  of  the  meaning  of  terms, 
we  must  have  an  iastantaneous  idea  excited  in  our  minds  when- 
ever they  are  repeated;  and  as  this  can  be  acquired  only  by 
practice,  it  is  impossible  that  philosophical  lectures  can  be  of 
much  service  to  those  who  are  not  familiarly  acquainted  with  the 
technical  language  in  which  they  are  delivered."* 

*  Mr.  Edgeworth's  chapter  on  Mechanics  should  be  recommended  to  the  atten- 
tion of  the  Reader,  bnt  the  Author  feels  unwilling  to  refer  to  a  part  of  a  work,  the 
whole  of  which  deserves  the  carefhl  perusal  of  all  persons  engaged  in  the  education 
of  youth. 
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IX 


It  is  presumed  that  an  attentive  perusal  of  these  Dialogues,  in 
which  the  principal  and  most  common  terms  of  science  are  care- 
fiillj  explained,  and  illustrated  by  a  variety  of  familiar  examples, 
will  be  the  means  of  obviating  this  objection  with  respect  to 
persons  who   may  be  desirous  of  attending  those  public  philo- 
sophical lectures  to  which  the  inhabitants  of  the  metropolis  have 
almost  constant  access. 
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CONVERSATION  I. 

INTBODUCTION. 

Father —  Charles — Emma, 

Charles.  My  dear  father,  sister  Emma  and  I  have  just  been 
chatting  about  the  delightful  hours  we  used  to  spend  with  you  in 
our  juvenile  days,  before  nurse  fetched  us  to  bed,  when  you  made 
the  Jong  winter  evenings  pass  so  rapidly  away  with  your  beautiful 
stories  and  fairy  tales,  in  which  the  good,  though  sorely  tried, 
always  prosper,  and  the  bad  were  finally  punished,  in  spite  of 
their  pride  and  riches.  We  really  are  getting  too  old  for  these 
stories ;  and  as  we  have  beea  looking  over  the  curious  things 
stored  away  in  the  lumber-room,  we  should  be  so  pleased  if  you 
would  explain  to  us  how  they  are  used,  and  tell  us  something 
about  the  world  we  live  in,  for  I  have  heard  lucle  say  that  you 
know  all  about  the  stars,  and  that  you  used  to  work  so  nicely  at 
carpentering,  and  make  all  sorts  of  mechanical  models,  and  that 
you  once  put  up  a  grand  machine — hydraulic,  I  think  you  call 
it — which  pumped  up  water  to  the  house 4  and,  indeed,  that 
nothing  pleased  you  better  than  studying  those  curious  and  won- 
derful things  which  are  all  to  be  learnt  (as  uncle  says)  in  the 
books  on  Natural  Philosophy. 

Emina,  Oh,  do,  papa !  and  I  will  borrow  a  duster  from  Mary, 
and  make  her  help  me  get  out  the  curious-shaped  glasses  and  ap- 
paratus, so  that  you  may  show  us  how  to  use  them,  though  I 
suppose  young  people  like  Charles  and  I  will  have  to  read  very 
hard  to  follow  your  explanations. 

Father,  Well,  my  dears,  you  certainly  shall  have  your  wishes 
gratified ;  and  if  you  will  promise  not  to  get  tired  and  lose  your 
present  enthusiastic  desire  to  learn  my  favourite  study,  I  will  not 
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only  allow  you  to  get  out  my  old  models  aad  apparatus,  but  I  will 
send  to  a  very  clever  mechanic,  and  he  shall  mend  all  the  parts 
that  want  repairing,  and,  if  Accessary,  make  us  new  things  to  work 
with  as  we  go  on ;  and,  indeed,  apparatus  is  now  made  so  cheaply 
and  beautifully  by  all  the  instrument  makers,  that  we  may  easily 
procure  sets  to  illustrate  every  branch  of  Natural  Philosophy,  which 
is  in  fact  only  another  name  for  the  **  book  of  nature,"  illustrated, 
as  I  need  not  remind  you,  by  all  the  glorious  works  of  our  bene- 
ficent Creator. 

C.  But  in  some  books  of  natural  philosophy,  into  which  I 
have  occasionally  looked,  a  number  of  new  and  uncommon  words 
have  perplexed  me;  I  have  also  seen  references  to  figures  by 
means  of  large  letters  and  small,  the  use  of  which  I  did  not  com- 
prehend. 

F,  It  is  a  worse  than  useless  practice  for  young  minds  to  dip 
into  new  subjects,  unless  prepared  for  them  by  some  previous 
knowledge  ;  since  it  may  create  a  distaste  for  the  most  interesting 
topics.  Thus,  the  books  which  you  now  read  with  so  much  plea- 
sure, would  not  have  oiiered  you  the  smallest  entertainment  a  few 
years  ago,  when  you  must  have  spelt  otit  almost  every  word  in 
each  page.  The  same  sort  of  disgust  will  naturally  be  felt  by 
persons  who  attempt  to  read  works  of  science  before  the  leading 
terms  are  explained  and  understood.  The  word  angle  is  con- 
tinually recurring  in  subjects  of  this  sort  ?  do  you  know  what  an 
angle  is  ? 

E,  I  do  not  think  I  do :  will  you  explain  what  it  means  ? 

F,  An  anyle  is  made  by  the  opening  of  two  straight  *  lines. 
In  this  figure  there  are  two  straight  lines,  a  b 
and  c  B,  meeting  at  the  point  b  :  the  opening 
made  by  them  is  called  an  angle. 

C,  Whether  that  opening  be  small  or  great, 
^ig'  !•  is  it  still  called  an  angle  ? 

F.  It  is;  your  drawing  compasses  may  familiarize  to  your 
mind  the  idea  of  an  angle ;  the  lines  in  this  figure  will  aptly 
represent  the  legs  of  the  compasses,  and  the  point  b  the  joint 
upon  which  they  move  or  turn.  Now  you  may  open  the  legs  to 
any  distance  you  please,  even  so  far  that  they  shall  form  one 
straight  line;  in  that  position  only  they  do  not  form  an  .angle. 
In  every  other  situation  an  angle  is  made  by  the  opening  of  these 
legs ;  and  the  angle  is  said  to  be  greater  or  less,  as  that  opening  is 
greater  or  less.  An  angle  is,  in  fact,  only  another  word  for  a 
corner y  and  may  be  well  illustrated  by  bendii»g  your  arm. 

E.  Are  not  some  angles  called  right  angles  ? 

*  straight  lines,  in  works  of  science,  are  usaally  denominated  i-ight  lines,  and 
are  the  shortest  distances  from  point  to  point. 
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Fig.  2. 


Fig.  3. 


F.  Angles  are  either  rights  acute,  or  obtuse.    When  the  line 
A  B  meets  another  Ime  d  c,  in  such  a  ,^ 

manner  as  to  make  the  angles  a  b  d  and 
ABC  equal  to  one  another,  then  those 
angles  are  called  right  angles.  And 
the  line  A  b  is  said  to  be  perpendicular 
to  D  c.  Hence  to  be  perpendicular  to, 
or  to  make  Hght  angles  with,  a  line, 
means  one  and  the  same  thing. 

C  Does  it  signify  how  you  call  the  letters  of  an  angle,  or  in 
what  order  you  name  them  ? 

F,  It  is  usual  to  call  every  angle  by  three  letters ;  and  the 
letter  at  the  angular  point  must  be  always  the  mid- 
dle of  the  three.  There  are  cases,  however,  where 
an  angle  may  be  denominated  by  a  single  letter ; 
thus  the  angle  a  b  c  may  be  called  simply  the 
angle  b,  for  there  is  no  danger  of  mistake,  because 
there  is  but  a  single  angle  at  the  point  b. 

(7.  I  understand  this ;  for  if,  in  fig.  2,  I  were  to 
describe  the  angle  by  the  letter  b  only,  you  would 
not  know  whether  I  meant  the  angle  on  the  left,  or 
that  on  the  right  of  the  perpendicular. 

F,  That  is  the  precise  reason  why  it  is  necessary  in  most 
descriptions  to  make  use  of  three  letters.  An  acute  angle  (fig.  1) 
A  b  c  is  less  than  a  right  angle ;  and  an  obtuse  (fig.  3)  angle  a  b  c 
is  greater  than  a  right  angle. 

E.  You  see  the  reason  now,  Charles,  why  the  letters  are  placed 
80  near  to  the  figures. 

C.  I  do  ;  they  are  intended  to  distinguish  the  separate  parts  of 
each,  in  order  to  render  the  description  of  them  easier,  both  to 
the  author  and  the  reader. 

E.  What  is  the  difference  between  an  angle  and  a  triangle  ? 

F.  An  angle  is  a  comer,  and  a  triangle  a  space;  an  angle 
depends  upon  the  opening  of  two  lines ;  but  two  straight  lines 
cannot  inclose  a  space ;  and  a  triangle  a  b  c 
is  a  space  bounded  by  three  straight  lines. 
It  takes  its  name  from  the  property  of 
having  three  angles.  There  are  various  sorts 
of  triangles  ;  but  it  is  not  necessary  to  enter 
upon  these  particulars,  as  I  do  not  wish  to 
burden  your  memories  with  more  technical  terms  than  we  have 
occasion  for. 

C.  A  triangle  then  is  a  space  or  figure  containing  three  angles, 
and  bounded  by  as  many  straight  lines. 
F.  Yes,  that  description  will  do;  and  I  might  remind  -jou  o^ 
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the  letter  d  in  the  Greek  alphabet,  written  A  (delta),  being",  in 
fact,  the  name  given  to  the  land  placed  between  the  branches  of  a 
river. 


CONVERSATION  II. 

Of  Matter, — Of  the  Divisibility  of  Matter, 

F.  First  let  us  understand  the  meaning  of  the  word  matter. 

U,  Are  not  all  things  which  we  see  and  feel  matter  ? 

F,  Everything,  which  can  be  appreciated  by  our  senses,  is 
matter  variously  modified  or  arranged.  The  prof)erties  of  matter 
are  bidk^  it  takes  up  room  or  space ;  impenetrability/,  two  par- 
ticles cannot  be  in  the*  same  space  at  the  same  time ;  divisibility^ 
each  particle  can  be  mentally  subdivided  ;  inertia,  it  has  no  power 
to  move  itself  from  a  state  of  rest,  or  to  stop  if  in  motion ; 
mobility,  susceptibility  of  motion,  such  as  currents  of  air  or  water ; 
gravity,  or,  as  we  commonly  call  it,  weight. 

E,  I  remember,  that  you  told  us  something  remarkable  about 
the  divisibility  of  matter,  which  you  said  would  be  an  endless 
process. 

F,  I  did,  some  time  ago,  mention  this  as  a  curious  and  inte- 
resting subject,  and  this  is  a  very  fit  time  for  me  to  explain  it. 

C,  Can  matter  indeed  be  infinitely  divided,  for  I  suppose  that 
this  is  what  is  meant  by  a  division  without  end  ? 

F,  Difficult  as  this  may  at  first  appear,  yet  I  think  it  very 
capable  of  proof.  Can  you  conceive  of  a  particle  of  matter  so 
small  as  not  to  have  an  upper  and  under  surface  ? 

C.  Certainly,  every  portion  of  matter,  however  minute,  must 
have  two  surfaces  at  least,  and  then  I  see  that  it  follows  of  course 
that  it  is  divisible ;  that  is,  the  upper  surface  may  be  separated 
.from  the  lower. 

F,  Your  conclusion  is  just ;  and  though  there  may  be  particles 
of  matter  too  small  for  us  actually  to  divide,  yet  this  arises  from 
the  imperfection  of  our  instruments  ;  they  must,  nevertheless,  in 
their  nature,  be  divisible. 

E,  But  you  were  to  give  us  some  remarkable  instances  of  the 
minute  division  of  matter. 

F,  A  few  years  ago  a  lady  spun  a  single  pound  of  wool  into  a 
thread  168,000  yards  long.  And  Mr.  Boyle  mentions,  that  two 
grains  and  a  half  of  silk  were  spun  into  a  thread  300  yards  in 
length.  If  a  pound  of  silver,  which,  you  know,  contains  5760 
grains,  and  a  single  grain  of  gold  be  melted  tos^ether,  the  erold  will 
be  equally  diffused  through  the  whole  silver,  insomuch  that  if  one 
grain  of  the  mass  be  dissolved  in  a  liquid  called  aqua  fortis,  which 
is  nitric  acid,  the  gold,  being  insoluble,  will  fall  to  the  bottom 
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of  the  glass  containing  the  acid.  By  this  experiment  it  is  evident 
that  a  grain  may  be  divided  into  6761  visible  parts,  for  only  the 
5761st  part  of  the  gold  is  contained  in  a  single  grain  of  the  mass. 
.  The  gold-beaters,  whom  you  have  seen  at  work  in  the  shops  in 
Long  Acre,  can  spread  a  grain  of  gold  into  a  leaf  containing  60 
square  inches,  and  this  leaf  may  be  readily  divided  into  600,000 
parts,  each  of  which  is  visible  to  the  naked  eye  :  and  by  the  help 
of  a  microscope,  which  magnifies  the  area  or  surface  of  a  body 
100  times,  the  100th  part  of  each  of  these  becomes  visible  ;  that 
is,  the  50  millionth  part  of  a  grain  of  gold  will  be  visible,  or  a 
single  grain  of  that  metal  may  be  divided  into  50  millions  of 
visible  parts.  But  the  gold  which  covers  the  silver  wire  used  in 
making  what  is  called  gold  lace,  is  spread  over  a  much  larger 
surface,  yet  it  preserves,  even  if  examined  by  a  microscope,  an 
uniform  appearance.  It  has  been  calculated  that  one  grain  of 
gold  under  these  circumstances  would  cover  a  surface  of  nearly 
thirty  square  yards. 

The  platinum  wire  stretched  in  the  field  of  the  telescope,  by 
which  the  transit  of  stars  is  observed,  is  so  fine  that  a  mile  of  it 
hardly  weighs  a  grain  ;  and  150  pieces  are  only  equal  in  size  to  a 
filament  of  raw  silk.  The  small  black  point  visible  in  an  exhausted 
soap-bubble  is  so  thin,  that  two  and  a  half  millions  would  be  re- 
quired to  make  the  thickness  of  an  inch.  Four  miles  of  spiders' 
web  only  weigh  a  grain. 

The  natural  divisions  of  matter  are  still  more  surprising.  In 
odoriferous  bodies,  such  as  camphor,  musk,  and  assafoetida,  a  won- 
derful subtility  of  parts  is  perceived ;  for  though  they  are  per- 
petually filling  a  considerable  space  with  odoriferous  particles,  yet 
these  bodies  lose  but  a  very  small  part  of  their  weight  in  a  great 
length  of  time. 

Again,  it  is  said  by  those  who  have  used  powerful  microscopes, 
and  whose  accuracy  may  be  relied  on,  that  there  are  more  animals 
in  the  milt  of  a  single  cod-fish,  than  there  are  men  on  the  whole 
earth,  and  that  a  single  grain  of  sand  is  larger  than  four  millions 
of  these  animals.  Now,  if  it  be  admitted  that  these  little  animals 
are  possessed  of  organized  parts,  such  as  a  heart,  stomach,  muscles, 
veins,  arteries,  &c.,  and  that  they  are  possessed  of  a  complete 
system  of  circulating  fluids,  similar  to  those  found  in  larger 
animals,  we  seem  to  approach  to  an  idea  of  the  infinite  divisibility 
of  matter.  It  has,  indeed,  been  calculated  that  a  particle  of  blood 
of  one  of  these  animalculse  is  as  much  smaller  than  a  globe  one- 
tenth  of  an  inch  in  diameter,  as  that  globe  is  smaller  than  the 
whole  earth. 

A  small  lump  of  sugar  will  impart  a  perceptible  sweetness  to  a 
half-pint  of  tea,  which  contains  about  30,000  drops.    A  needle 


D  MECHANICS. 

point  may  be  wetted  by  contact  with  one  of  these  drops,  and  the 
drop  will  lose  no  apparent  amount  of  liquid.  How  inconceivably 
small,  then,  must  be  the  quantity  of  sugar  contained  in  this 
minute  quantity  of  tea ! 

I  might  enumerate  many  other  instances  of  the  same  kind ;  but 
these,  I  doubt  not,  will  be  sufficient  to  convince  you  of  the 
infinite  divisibility  of  matter. 

A  late  account,  however,  of  animalculae,  observed  by  Captain, 
now  Rev.  Dr.  Scoresby,  in  the  Greenland  seas,  is  so  much  to  our 
purpose,  that  I  shall  repeat  it  to  you  before  we  terminate  our 
present  conversation. 

In  July,  1818,  while  in  those  northern  seas,  Dr.  Scoresby's 
vessel  sailed  for  several  leagues  in  water  of  a  very  uncommon  ap- 
pearance. The  surface  was  variegated  by  large  patches,  and 
extensive  streaks  of  a  yellowish-green  colour.)  The  colouring 
matter  being  found  to  be  superficial,  it  was  soon  ascertained  that 
it  was  constituted  of  animalculae ;  and  powerful  microscopes  were 
applied  to  their  examination.  In  a  single  drop  of  water  examined 
by  a  power  of  28,224  (magnified  superficies)  there  were  60  in 
number  on  an  average,  in  each  square  of  the  micrometer  glass 
of  jjgth  of  an  inch  in  diameter ;  and  as  the  drop  occupied  a  circle 
on  a  plate  of  glass  containing  529  of  these  squares,  there  must 
have  been  in  this  single  drop  of  water,  taken  at  random  out  of  the 
sea,  and  in  a  place  by  no  means  the  most  discoloured,  about 
26,460  animalculae.  Hence,  reckoning  60  drops  to  a  drachm, 
there  would  be  a  number  in  a  gallon  of  water  exceeding  by  one 
half  the  amount  of  the  population  of  the  whole  terraqueous  globe. 
How  inconceivably  minute  must  the  vessels,  organs,  and  fluids 
of  these  animals  be  I  The  diameter  of  several  of  these  animalculae 
did  not  exceed  the  400th  pait  of  an  inch.  A  whale  requires  a  sea 
to  sport  in :  a  hundred  and  fifty  millions  of  these  would  have 
ample  scope  for  their  evdutious  in  a  tumbler  of  water, 

E,  I  think  I  now  have  a  clear  idea,  papa,  of  the  infinite  divisi- 
bility of  matter, 

F.  Do  not  be  too  sure,  dear  girl ;  for  this  is  one  of  the  subjects  on 
which  our  ideas  can  never  be  clear ;  they  are  very  indistinct :  some 
of  the  deepest  thinkers  have  been  obliged  to  hesitate  on  this  subject. 


CONVERSATION  III. 

Of  the  Attraction  of  Cohesion, 

F,  Well,  my  dear  children,  do  you  comprehend  the  several 
instances  which  I  enumerated  as  examples  of  the  minute  division 
of  matter? 
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E.  Indeed,  they  very  much  excited  our  wonder  and  admira- 
tion; and  yet,  from  the  thinness  of  some  leaf-gold  which  I  once 
had,  I  can  readily  admit  all  you  have  said  on  that  part  of  the 
subject.  But  I  cannot  grasp  the  idea  of  such  small  animals  as 
yoa  described ;  and  I  am  still  more  puzzled  in  imagining,  that 
animals  so  minute  actually  possess  all  tne  organs  and  fluids  of  the 
laiger  ones,  such  as  a  heart,  veins,  blood,  &c. 

F,  I  can,  on  the  next  bright  morning,  by  the  help  of  the  solar 
microscope,  show  you  very  distinctly  the  circulation  of  the  blood 
in  a  flea,  which  you  may  get  from  your  little  dog ;  and  with 
better  microscopes  than  those  which  I  possess,  the  same  might 
be  shown  in  animals  still  smaller  than  the  flea ;  perhaps,  even  in 
those  which  are  themselves  invisible  to  the  naked  eye.  But  we 
shall  converse  more  particularly  on  this,  topic,  when  we  come  to 
Optics  and  the  construction  and  uses  of  the  Oxy-hydrogen 
Microscope.  At  present  we  will  turn  our  thoughts  to  that 
principle  in  nature,  which  philosophers  have  agreed  to  call 
Attraction. 

C.  If  there  be  no  more  difficulties  in  science  than  we  met  with 
in  our  last  lecture,  I  do  hope  that  we  shall  be  able  to  understand 
it.    Are  there  not  several  kinds  of  attraction  ? 

F.  Yes,  there  are ;  but  two  will  be  sufficient  for  our  present 
purpose  to  describe :  the  one  is  the  attraction  of  cohesion ;  and 
the  other  that  of  gravitation.  The  attraction  of  cohesion  is 
that  power  which  keeps  the  parts  of  bodies  together  when  they 
touch,  and  prevents  them  from  separating,  or  which  inclines  the 
parts  of  bodies  to  unite,  when  they  are  placed  sufficiently  near 
to  each  other. 

C,  Is  it  then  by  the  attraction  of  cohesion  that  the  parts  of 
tWs  table,  or  of  the  penknife,  are  kept  together  ? 

F.  Certainly ;  but  you  might  have  said  the  same  of  every 
other  solid  substance  in  the  room ;  and  it  is  in  proportion  to  the 
diflerent  degrees  of  attraction,  with  which  different  substances 
are  affected,  that  some  bodies  are  hard,  others  soft,  tough,  &c. 
M.  Muschenbroek,  a  philosopher  in  Holland,  almost  a  century 
ago,  took  great  pains  in  ascertaining  the  different  degrees  of  cohe- 
sion, that  belong  to  various  kinds  of  wood,  metals,  and  many 
other  substances.  A  short  account  of  his  experiments  may  be 
found  in  Enffeld's  Iiistitutes  of  Natural  Philosophy :  other  expe- 
riments by  Mi  Girardj  and  Mr.  i^.  Barlow,  will  also  deserve 
your  attention. 

C.  You  once  showed  ttie  that  two  leaden  bullets,  having  their 
surfaces  scraped  clean,  might  be  ttiade,  with  a  sort  of  twisting 
pressure,  to  stick  together  with  great  force ;  you  called  thatj  I 
oelieve,  the  attraction  of  cohesion  ? 
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JFV  I  did:  thousrh  it  is  not  unusual  to  distinguish  between 
adhesion  and  cohesion.  The  particles  of  the  same  body  coliere  ; 
contiguous  surfaces  of  different  bodies  adhere.  Some  philoso- 
phers, who  have  made  the  experiment  with  great  attention  and 
accuracy,  assert,  that  if  the  flat  surfaces,  which  are  presented  to 
one  another,  be  but  a  quarter  of  an  inch  in  diameter  and  scraped 
very  smooth,  and  forcibly  pressed  together  with  a  twist,  a 
weight  of  a  hundred  pounds  is  frequently  required  to  separate 
them. 

As  it  is  by  this  kind  of  attraction  that  the  parts  of  solid 
bodies  are  kept  together,  so  when  any  substance  is  separated  or 
broken,  it  is  oiJy  the  attraction  of  coiiesion  that  is  overcome  in 
that  particular  part. 

£.  Then,  when  I  had  the  fnisfortune  this  morning,  at  break- 
fast, to  let  my  saucer,  slip  from  my  hands,  by  which  it  was  broken 
into  several  pieces,  was  it  only  the  attraction  of  cohesion  that 
was  overcome  by  the  parts  of  the  saucer  being  separated  as  it 
struck  the  ground  ? 

F,  Just  so ;  for  whether  you  unluckily  break  the  china,  or 
-cut  a  stick  with  your  knife,  or  melt  lead  over  the  fire,  as  your 
brother  sometimes  does,  in  order  to  make  plummets ;  these,  and 
a  thousand  other  instances,  which  are  continually  occurring,  are 
but  examples  in  which  the  cohesion  is  overcome  by  a  blow,  the 
knife,  or  the  fire. 

JE.  The  broken  saucer  being  highly  valued  by  mamma,  she 
has  taken  the  pains  to  join  it  again  with  whitelead;  was  this 
performed  by  means  of  the  attraction  of  cohesion  ? 

F.  No,  my  dear ;  it  would  be  the  attraction  of  adhesion  ;  be- 
cause the  original  surfaces  do  not  cohere  in  the  manner  of  two 
pieces  of  lead,  but  are  joined  together  by  the  intermediate  sub- 
stance whitelead.  Professor  Daniell  has  defined  cohesion  to  be 
the  attraction  that  takes  place  between  homogeneous  or  similar 
particles,  and  adhesion  to  be  the  attraction  subsisting  between 
neterogeneous  substances,  or  of  bodies  unlike  in  kind.  Now,  if 
the  actual  surfaces  of  the  saucer  were  brought  together,  and  they 
remained  united,  it  is  clear  that  this  would  be  cohesion ;  but  as 
a  cement  is  required  to  perform  this  duty,  we  must  (if  we  accept 
Daniell's  convenient  definition)  call  it  adhesion.  Whenever  the 
carpenter  uses  glue,  it  is  usual  to  heat  or  melt  this  gelatinous 
cement,  which,  first  adhering  to  and  wetting  the  two  surfaces  of  the 
wood,  becomes  a  firm  link  or  bond  of  union  by  solidifying  when 
cold.  Between  the  particles  of  glue  there  is. cohesion,  because 
they  are  homogeneous  (ofios  like,  and  ycVoy  kind)  ;  but  the  sur- 
faces of  wood  are  not  in  actual  contact,  and  only  adhere  by  the 
cementing  quality  of  the  glue,  which  remains  as  a  thin  stratum 
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between  them.     Heat  is  the  antagonistic  power  to  cohesion,  and 

it  would  be  easy  to  cause  the  parts  of  a  box,  which  are  merely 

glued  or  fixed  together,  without  the  aid  of  nails  or  dovetailing, 

to  separate,  by  applying  sufficient  heat  to  melt  the  glue.     A 

great  weight  can  be  suspended  by  a  chain  cable  which  might 

last  for  a  number  of  years ;  but  if  a  sufficiently  intense  heat  were 

applied  to  one  of  the  links,  the  cohesion  of  the  parts  would  be 

overcome :  the   particles  of  iron  would  be  caused  to  ex])and  or 

separate  from  each  other,  and  the  link  would  give  way  because 

the  tenacity  or  power  of  resisting  a  strain  (a  kind  of  measure  of 

cohesion)  would  be  arrested  for  the  time  by  the  influence  of  the 

heat.     The  cohesion  of  a  liimp  of  lead  is  not  exactly  destroyed 

by  heat,  but  simply  held  in  abeyance,  or  nidlified  for  the  time, 

by    the    presence   of  the   latter  mysterious   and   imponderable 

agent.     As  the  lead  cools,  ihe  cohesive  power  agsun  obtains  the 

mastery.    A  pith  ball,  though  extremely  light,  gravitates  towards 

the  earth  ;  we  cannot  say  its  gravity  is  destroyed  when  it  is  held 

up  and  supported  by  electrical  attraction,  and  prevented  from  falling 

lo  the  earth  :  its  gravitating  power  is  only  arrested  for  the  time 

by  the  superior  force  of  electrical  attraction.     Nothing  which 

has  once  been  created  can  ever  be  destroyed  ;  and  cohesion  not 

only  exists  in  solids  but  also  in  fluids,  and  even  in  greatly  weakened 

proportions  in  gases ;  but  it  is  ready  at  any  time  to  assert  the 

mastery  when  its  antagonist  heat  is  withdrawn.     There  are  many 

gases   which   were   formerly  considered   to   be  permanent  now 

proved  to  be  capable  of  change  to  the  liquid  and  solid  state  by 

the  effects  of  intense  cold,  and  if  the  principfe  of  cohesion  had 

not  already  existed  in  them,  it  would  not  have  been  exerted  on 

the  withdrawal  of  the  heat. 


CONVERSATION  IV. 

0/  the  Attraction  of  Adhesion  and  Cohesion  * 

F,  I  will  now  give  you  some  other  examples  of  the  difference 
between  adhesive  and  cohesive  attraction,  which  occupied  our 
thoughts  in  our  last  conversation.  If  two  polished  plates  of 
marble  or  brass  be  put  together,  with  a  little  -eil  between  them  to 
fill  up  the  pores  of  their  surfaces,  they  will  adhere  so  powerfully 
as  to  require  a  very  considerable  force  to  separate  them. — Two 
globules  of  quicksilver,  placed  very  near  to  each  other,  will  run 
together  or  cohere,  and  form  one  large  drop.  Drops  of  water  will 
do   the   same,  because  particles   of   a  similar  nature  cohere. — 

♦  From  cum  with,  and  hm-eo  I  stick,  or  cleave. 
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Balance  a  piece  of  smooth  board  on  the  end  of  a  scale-beam] 
then  let  it  lie  flat  on  water,  and  five  or  sii  times  its  own 
weight  will  be  required  to  separate  it  from  the  water,  because 
dissimilar  Eubstances  adhere. — If  a  small  globule  of  quicksilver 
be  Iwd  on  clean  paper,  and  a  piece  of  glass  be  brought  into  con- 
tact with  it,  the  mercury  will  adhere  to  it,  and  be  drawn  awaj 
from  Ihe  paper.  But  bring  a  larger  globule  into  contact  with  the 
smaller  one,  and  it  will  leave  the  glass,  and  cohere  with  the  other 
drop  of  quicksilver, 

(,'.  Why  does  the  little  tea  which  is  generally  left  at  the 
bottom  of  the  cup  instantly  ascend  in  the  sugar  when  thrown 
into  it? 

F.  The  ascent  of  water  or  other  liquids  in  sugar,  sponge,  and 
all  porous  bodies,  is  a  species  of  attraction  called  capillary  * 
attraction ;  it  is  thus  denominated  from  the  property  which 
tubes  of  a  very  small  bore,  scarcely  larger  than  a  hair,  have  of 
causing  water  to  stand  above  its  level. 

C,  Is  (his  property  visible  in  no  other  tubes  than  those,  the 
bores  of  which  are  so  exceedingly  fine? 

F.  Yes,  it  is  very  apparent  in  tubes  whose  diameters  are  one 
tenth  of  an  inch  or  more,  but  the  smaller  the  bore,  the  higher 
the  fluid  rises ;  for  it  ascends,  in  all  instances,  till  the  weight  of 
the  column  o?  water  in  the  tube  balances,  or  is  equal  to,  the  at- 
traction of  the  tube.     By  immersing  tubes  of  different  bores  in 
a  vessel  of  coloured  water,  you  will  see  that   the  water  rises 
much  higher  in  the  smaller  tubes  than  in  the  larger.     The  water 
will  rise  a  quarter  of  an  inch,  and  there  remain  suspended,  in  a 
tube  whose  bore  is  about  one  eighth  of  an  inch  in  diameter. 
This  kind  of  attraction  is  well  illustrated  by  taking  two  pieces 
of  glass  joined  ti^eiher  at  the  »de  b  c, 
and  kept  a  little  open  at  the  opposite  side 
A.  s,  by  a  small  |ucce  of  cork  e.     In  this 
position  immerse  them  in  a  dish  of  co- 
loured water  f  a,  and  you  will  observe 
that  the  attraction  of  the  glass  at  and 
near  b  c,  will  cause  the  fluid  to  ascend 
to  a ;  whereas,  about  the  parts  s  it  scarcely, 
rises  above  the  level  of  the  water  in  the 

Fig,  6.  0.  I  see  that  a  curve  is  formed  by  the 

F.  There  is;  and  to  this  curve,  called  a  hyperbole,  belona 
many  curious  properties,  as  you  will  hereafter  be  able  to  investi- 
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E,  Is  it  not  upon  the  principle  of  the  attraction  of  adhesion 
that  carpenters  glue  their  work  together  ? 

F.  It  is  upon  this  principle  that  carpenters  and  cabinet-makers 
make  use  of  glue  ;  that  braziers,  tinmen,  plumbers,  &c.,  solder  their 
metals  ;  but  when  smiths  unite  different  bars  of  iron  by  means  of 
heat,  the  binding  together  of  the  similar  particles  of  iron  is  an 
illustration  of  cohesion.  But,  by-the-by,  though  whitelead  is  fre- 
quently used  as  a  cement  for  broken  china,  glass,  and  earthenware, 
yet,  if  the  vessels  are  to  be  brought  again  into  use,  it  is  not  a  proper 
cement,  being  an  active  poison ;  besides,  one  much  stronger  has  been 
discovered,  1  believe,  by  a  very  able  and  ingenious  philosopher, 
the  late  Dr.  Ingenhouz ;  at  least  I  had  it  from  him  several  years 
ago :  it  consists  simply  of  a  mixture  of  quicklime  and  Gloucester 
cheese,  rendered  soft  by  warm  water,  and  worked  up  to  a  proper 
consistency.  Sometimes  a  solution  of  shellac  in  wood  naphtha  or 
methylated  spirit  is  used  for  the  same  purpose,  or  when  the 
china  vessel  is  not  intended  to  hold  water,  a  thick  solution  of 
isinglass  made  with  water  and  a  little  spirit  answers  very  well. 

E,  What !  do  such  great  philosophers,  as  I  have  heard  you 
say  Dr.  Ingenhouz  was,  attend  to  such  trifling  things  as  these  ? 

F,  He  was  a  man  deeply  skilled  in  many  branches  of  science  ; 
and  I  hope  that  you  and  your  brother  will  one  day  make  your- 
selves acquainted  with  many  of  his  important  discoveries.  But 
no  real  philosopher  will  consider  it  beneath  his  attention  to  add 
to  the  conveniences  of  life ;  but  I  can  tell  you  of  some  other 
curious  ej^amples  of  adhesion,  such  as  that  of  a  metal  and  air. 
Thus,  a  small  needle  carefully  placed  on  water  will  swim, 
although  the  iron  of  which  it  is  made  is  much  heavier  than 
water ;  but  if  the  air  clinging  to  and  supporting  the  needle  is 
rubbed  off  by  wetting  it  first  in  alcohol,  then  it  sinks  directly  it 
is  placed  on  the  surfacQ  of  the  water ;  for  the  same  reason  flies 
walk  upon  the  water  without  wetting  their  feet.  The  drops  of 
dew  which  appear  in  the  morning  on  leaves,  particularly  on  those 
of  the  cabbage,  assume  a  globular  form  from  the  cohesive  attrac- 
tion between  the  parts  of  the  water  :  and  upon  examination  it  will 
be  found  that  the  drops  do  not  touch  the  leaves,  for  they  will  roll 
off  in  perfect  spheroids,  which  would  not  be  the  case  if  there 
subsisted  any  adhesive  attraction  between   the  water  and   the 

leaf. 

C,  Why  do  cane,  steel,  and  many  other  things,  bear  to  be 
bent  without  breaking,  and,  when  set  at  liberty,  recover  their 
original  form  ? 

F,  That  a  piece  of  thin  steel,  or  cane,  recovers  its  usual  form 
after  being  bent,  is  owing  to  a  certain  power  called  elasticity ; 
which  may  perhaps  arise  from  the  particles  of  those  bodies, 
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thoiiffh  disturbed,  not  being  drawn  out  of  each  other's  attraction ; 
therefore,  as  soon  as  the  force  upon  them  ceases  to  act,  they 
restore  themselves  to  their  former  position. — But  our  half-hour  js 
expired  ;  1  must  leave  you. 


CONVERSATION  V. 

Of  the  Attraction  of  Gravitation. 

F.  We  will  DOW  proceed  to  discuss  another  very  important 
general  principle  in  nature ;  the  attraction  of  gravitation,  or,  as 
it  is  frequently  termed,  gravity,  which  is  that  power  by  which 
distant  bodies  tend  towards  each  other.  Of  this  we  have  per- 
petual instances  in  the  falling  of  bodies  to  the  earth. 

(7.  Am  I  then  to  understand  that  whether  this  marble  falls 
from  my  hand,  or  a  loose  brick  from  the  top  of  the  house,  or  an 
apple  from  the  tree  in  the  orchard,  that  all  these  happen  by  the 
attraction  of  gravity  ? 

F,  It  is  by  the  power  which  is  commonly  expressed  under  the 
term  gravity,  that  all  bodies  whatever  have  a  tendency  to  the 
earth,  and,  unless  supported,  will  fall  in  lines  nearly  perpendi- 
cular to  its  surface.  The  measure  of  this  tendency  or  disposition 
to  fall  represents  the  weight.  But  specific  gravity  and  weight 
do  not  mean  precisely  the  same  thing :  specific  gravity  is  the 
weight  of  a  given  bulk  of  one  body,  compared  with  the  weight 
of  a  given  bulk  of  another  ;  weight  is  the  measure  of  gravity. 

E.  But  are  not  smoke,  vapour,  and  other  light  bodies  which 
we  see  ascend,  exceptions  to  the  general  rule  ? 

F,  It  appears  so  at  first  sight ;  and  it  was  formerly  received  as 
a  general  opinion,  that  smoke,  vapour,  &c.,  possessed  no  weight : 
the  invention  of  the  air-pump  has  shown  the  fallacy  of  this  notion  ; 
for  in  an  exhausted  receiver,  that  is,  in  a  glass  jar  from  which  the 
air  is  taken  away  by  means  of  the  air-pump,  smoke  and  vapour 
descend  by  their  own  weight  as  completely  as  a  piece  of  lead. 
When  we  come  to  converse  on  the  subject  of  Pneumatics  and 
Hydrostatics,  you  will  understand  that  the  reason  why  smoke  and 
other  bodies  ascend  is  simply  because  they  are  lighter  than  the 
atmosphere  which  surrounds  them,  and  the  moment  they  reach 
that  part  of  it  which  has  the  same  gravity  with  themselves  they 
cease  to  rise. 

(J.  Is  it  then  by  this  power  that  all  terrestrial  bodies  remain 
firm  on  the  earth  ? 

F,  By  gravity,  bodies  on  all  parts  of  the  earth  (which  you 
know  is  of  a  globular  form)  are  kept  on  its  surface  because  they 
all,  wherever  situated,  tend  to  the  centre  ;  and,  since  all  have  a 
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tendency  to  the  centre,  the  inhabitants  of  New  Zealand,  although 
nearly  opposite  to  our  feet,  stand  as  firmly  as  we  do  in  Great 
Britain. 

C  This  is  difficult  to  comprehend :  nevertheless,  if  bodies  on 
all  parts  of  the  surface  of  the  earth  have  a  tendency  to  the  centre, 
there  seems  no  reason  why  bodies  should  not  stand  firm  on  one 
part  as  well  as  another.  Does  this  power  of  gravity  act  alike  on 
all  bodies  ? 

F,  It  does,  without  any  regard  to  their  figure  or  size ;  for  at- 
traction or  gravity  acts  upon  bodies  in  proportion  to  the  quantity 
of  matter  which  they  contain,  that  is,  four  times  a  greater  force 
of  gravity  is  exerted  upon  a  body  weighing  four  pounds,  than  upon 
one  of  a  single  pound.  The  consequence  of  this  principle  is,  that 
all  bodies  at  equal  distances  from  the  earth  fall  with  equal  velocity-. 

E.  What  do  you  mean,  papa,  by  velocity  f 

F,  I  will  explain  it  by  an  example  or  two :  if  you  and  Charles 
set  out  together,  and  you  walk  a  mile  in  half  an  hour,  and  he 
walks  or  runs  two  miles  in  the  same  time,  how  much  more  swiftly 
will  he  go  than  you  ? 

E.  Twice  as  swiftly. 

F,  He  does,  because,  in  the  same  time,  he  passes  over  twice 
as  much  space ;  therefore  we  say  his  velocity  is  twice  as  great  as 
yours.  Suppose  a  ball,  fired  from  a  cannon,  passes  through  800 
"feet  in  a  second  of  time ;  and  if,  in  the  same  time,  your  brother's 
arrow  passes  through  100  feet  only,  how  much  more  swiftly  does 
the  cannon-ball  fly  than  the  arrow  ? 

E.  Eight  times  swifter. 

F,  Then  it  has  eight  times  the  velocity  of  the  arrow;  and 
hence  you  understand  that  swiftness  and  velocity  are  synony- 
mous terms,  and  that  the  velocity  of  a  body  is  measured  by  the 
s|)ace  it  passes  over  in  a  given  time,  as  a  second,  a  minute,  an 
hour,  &c. 

E.  If  I  let  a  piece  of  metal,  as  a  penny-piece,  and  a  feather, 
fall  from  my  hand  at  the  same  time,  the  peimy  will  reach  the 
ground  much  sooner  than  the  feather.  Now  how  do  you  ac- 
count for  this,  if  all  bodies  are  equally  affected  by  gravitation, 
and  descend  with  equal  velocities,  when  at  the  same  distance 
firom  the  earth  ? 

F.  Though  the  penny  and  feather  will  not,  in  the  open  air, 
fall  with  equal  velocity,  yet,  if  the  air  be  taken  away,  which  is 
easily  done  by  a  little  apparatus  connected  with  the  air-pump, 
they  will  descend  in  the  same  time.  Therefore  the  true  reason 
why  light  and  heavy  bodies  do  not  fall  with  equal  velocities  is, 
that  the  former^  in  proportion  to  its  weight,  meets  with  a  much 
greater  resistance  from  the  air  than  the  latter. 
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C.  It  is  then,  I  imagine,  from  the  same  cause,  that  if  I  drop 
the  penny  and  a  piece  of  light  wood  into  a  vessel  of  water,  the 
penny  will  reach  the  bottom,  but  the  wood,  after  descending  a 
small  way,  rises  to  the  surface  ? 

F.  In  this  case  the  resisting  medium  is  water  instead  of  air, 
and  the  copper,  being  about  nine  times  heavier  than  its  bulk  of 
water,  falls  to  the  bottom  with  but  little  apparent  resistance. 
But  the  wood,  being  much  lighter  than  water,  cannot  sink  in  it ; 
therefore,  though  by  its  vnomentum*  it  sinks  a  small  distance, 
yet  as  soon  as  that  is  overcome  by  the  resisting  medium,  viz., 
the  water,  it  rises  to  the  surface,  being  the  lighter  substance. 


CONVERSATION  VI. 

Of  Momentum  and  the  Attraction  of  Gravitation, 

E.  The  term  momentum  which  you  made  use  of  yesterday,  is 
another  which  I  do  not  as  yet  understand. 

F.  If  you  have  understood  what  I  have  said  respecting  the 
velocity  of  moving  bodies,  you  will  easily  comprehend  the  mean- 
ing of  the  word  momentum. 

The  mom,entum,  or  moving  force  of  a  body,  is  measured  by  its 
weight  multiplied  by  its  velocity.  You  may,  for  instance,  place 
this  pound  weight  upon  a  china  plate  without  any  danger  of 
breaking,  but  if  you  let  it  fall  from  the  height  of  only  a  few 
inches,  it  will  dash  the  china  to  pieces.  In  the  first  case,  the 
plate  has  only  the  pound  weight  to  sustain;  in  the  other,  the 
weight  must  be  multiplied  by  the  velocity  it  has  acquired  during 
its  fall. 

If  a  ball  a,  lean  agamst  the  obstacle  h,  it  will  not  be  able  to 

overturn  it,  but  if  it  be  taken  up 

to  c,  and  suffered  to  roll  down  the 

inclined  plane,  ab,  against  b,  it 

may  probably  overthrow  it ;  in  the 

former  case  b  would  only  have  to 

^i?-  ®'  resist  the  weight  of  the  ball  a ;  in 

the  latter  it  has  to  resist  the  weight  multiplied  by  its  motion  or 

velocity. 

C.  Then  the  momentum  of  a  small  body,  whose  velocity  is 
very  great,  may  be  equal  to  that  of  a  veiy  large  body  with  a  slow 
velocity  ? 

F,  It  may ;  and  hence  you  see  the  reason  why  immense  bat- 
tering-rams, used  by  the  ancients,  in  the  art  of  war,  have  given 
place  to  cannon-balls  of  but  a  few  pounds'  weight. 

*  The  explanation  of  this  term  will  be  found  in  the  next  Conversation. 
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C,  I  do ;  for  what  is  wanting  in  weight  is  made  up  by  velocity. 
F,  Can  you  tell  me  what  velocity  a  cannon-bail  of  28  pounds 
must  have  to  effect  the  same  purposes  as  would  be  produced  by 
a  battering-ram  of  15,000  pounds  weight,  and  which,  by  manual 
strength,  could  be  moved  at  the  rate  of  only  two  feet  in  a 
second  of  time  ? 

C\  I  think  I  can:  the  momentum  of  the  battering-ram  must 

be  estimated  by  its  weight,  multiplied  into  the  space  passed  over 

in  a  second,  which  is  16,000  multiplied   by  two  feet,  equal  to 

30,000 ;  now  if  this  momentum,  which  must  also  be  that  of  the 

cannon-ball,  be  divided  by  the  weight  of  the  ball,  it  will  give  the 

velocity  required ;  and  30,000  divided ,  by  28  will   be  for  the 

quotient  1072  nearly,  which  is  the  number  of  feet  the  cannon-ball 

must  pass  over  in  a  second  of  time,  in  order  that  the  momenta  of 

the  battering-ram  and  the  ball  may  be  equal,  or,  in  other  words, 

that  they  may  have  the  same  effect  in  beating  down  an  enemy's 

wall. 

E,  I  now  fully  comprehend  what  the  momentum  of  a  body  is ; 
for  if  I  let  a  common  trap-ball  accidentally  fall  from  my  hand 
upon  my  foot,  it  occasions  more  pain  than  the  mere  pressure  of  a 
weight  several  times  heavier  than  the  ball. 

C,  If  the  attraction  of  gravitatioin  be  a  power  by  which  bodies 
in  general  tend  towards  each  other,  why  do  all  bodies  tend  to  the 
earth  as  a  centre  ? 

F,  I  have  already  told  you,  that,  by  the  great  law  of  gravita- 
tion, the  attraction  of  all  bodies  is  in  proportion  to  the  quantity 
of  matter  which  they  contain.  Now  the  earth  being  so  im- 
mensely large  in  comparison  to  all  other  substances  in  its  vicinity, 
destroys  the  effect  oi  this  attraction  between  smaller  bodies,  by 
bringing  them  all  to  itself. — ^If  two  balls  are  dropped  from  a  high 
tower  at  a  small  distance  apart,  though  they  have  an  attraction 
for  one  another,  yet  it  will  be  as  nothing  when  compared  with 
the  attraction  by  which  they  are  both  impelled  to  the  earth,  and 
consequently   the  tendency  which   they  mutually  have  of  ap- 

Cching  one  another  will  not  be  perceived  in  the  fall.  If, 
ever,  any  two  bodies  were  placed  in  free  space,  and  out  of 
the  sphere  of  the  earth's  attraction,  they  would,  in  that  case,  as- 
suredly approach  each  other,  and  that  with  increased  velocity 
as  they  came  nearer.  Indeed,  it  has  been  found  that  a  plumb- 
line  held  near  a  perpendicular  mountain  deviates  from  a  vertical 
direction,  by  the  attraction  of  the  mountain  for  the  weight. 

C.  According  to  this,  the  earth  ought  to  move  towards  falling 
bodies,  as  well  as  they  move  to  it  ? 

F.  It  ought,  and  in  just  theory  it  does;  but  when  you  cal- 
culate how  many  million  of  timus  larger  the  earth  is  than  any- 
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thin^  belonging  to  it,  and  if  you  reckon,  at  the  same  time,  the 
small  distances  from  which  bodies  can  fall,  you  will  know  that  the 
point  where  the  falling  bodies  and  earth  will  meet,  is  removed 
only  to  an  indefinitely  small  distance  from  its  surface,  a  distance 
much  too  small  to  be  conceived  by  the  human  imagination. 

As  all  bodies  on  or  near  the  earth  tend  to  the  centre  of  that 
body,  so  the  earth,  and  all  the  planets,  with  their  several  mootis, 
as  we  shall  see  by-and-by,  tend  to  the  sun,  as  the  body  to  which 
the  whole  and  every  part  of  the  solar  system  is  attracted. 

We  will  resume  the  subject  of  gravity  to-morrow. 


Conversation  vn. 

Of  the  Attraction  of  Oravitatiov, 

E,  Has  the  attraction  of  gravitation  the  same  eflfect  on  all 
bodies,  whatever  be  their  distance  from  the  earth  ? 

F.  No ;  this,  like  every  power  which  proceeds  from  a  centre, 
decreases  as  the  squares  of  the  distances  from  that  centre  in- 
crease. 

E,  I  fear  that  I  shall  not  understand  this,  unless  you  illustrate 
it  by  examples. 

F.  Suppose  you  are  reading  at  the  distance  of  one  foot  from  a 
candle,  and  that  you  receive  a  certain  quantity  of  light  on  your 
book :  now  if  you  remove  to  the  distance  of  two  feet  from  the 
candle,  you  will,  by  a  similar  law,  receive  four  times  less  light 
than  you  had  before;  here,  then,  though  you  have  increased 
your  distance  but  twofold,  yet  the  light  is  diminished  fourfold, 
l)ecause  four  is  the  square  of  two,  or  two  multiplied  by  itself. 
If,  instead  of  removing  two  feet  from  the  candle,  you  take  your 
station  at  3,  4,  6,  or  6  feet  distance,  you  will  then  receive  at  the 
different  distances,  9,  16,  25,  36  times  less  light  thjin  when  you 
were  within  a  single  foot  from  the  candle,  for  these,  as  you  know, 
are  the  squares  of  the  numbers  3,  4,  5,  and  6.  The  same  is  ap- 
plicable to  the  heat  imparted  by  a  fire ;  at  the  distance  of  one 
yard  from  which  a  person  will  enjoy  four  times  as  much  heat  as 
he  who  sits  or  stands  two  yards  from  it ;  and  nine  times  as  much 
as  one  who  should  be  removed  to  the  distance  of  three  yards. 

C,  Is  then  the  attraction  of  gravity  four  times  less  at  a  yard 
distance  from  the  earth,  than  it  is  at  the  surface  ? 

F,  No ;  whatever  be  the  cause  of  attraction,  which  to  this  day 
remains  undiscovered,  it  is  so  adjusted  under  the  surface  as 
though  it  acted  from  the  centre  of  the  earth,  and  not  from  its 
surface,  and  hence  the  difference  of  the  power  of  gravity  can 
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scarcely  be  discerned  at  the  small  distances  tct  which  we  have 
access ;  for  a  mile  or  two  (which  is  much  higher  than,  in  general, 
we  have  opportunities  of  making  experiments)  is  very  little  in 
comparison  to  4000  miles,  the  distance  of  the  centre  from  the 
surface  of  the  earth :  and  the  squares  of  4000  and  4002  differ 
still  less  when  compared  with  either  square.  But  could  we 
ascend  4000  miles  above  the  earthy  and  of  course  be  double  the 
distance  that  we  now  are  from  the  centre,  we  should  there  find 
that  the  attractive  force  would  be  but  one  fourth  of  what  it  is 
here ;  or,  in  other  words,  that  a  body  which,  at  the  surface  of  the 
earth,  weighs  one  pound,  and  by  the  force  of  gravity  falls 
through  sixteen  feet  in  a  second  of  time,  would  at  4000  miles 
above  the  earth,  weigh  but  a  quarter  of  a  pounds  and  fall  through 
only  four  feet  in  a  second,* 

J^,  How  is  that  known,  papa ;  for  nobody  was  ever  there  ? 

F,  You  are  right,  iny  dear ;  for  the  greatest  height  that  has 
been  attained  by  the  most  daring  voyagers  in  a  balloon,  is  nothing' 
in  comparison  with  this.  However,  I  will  try  to  explain  in  what 
manner  philosophers  have  obtained  their  knowledge  on  this  subject. 

The  moon  is  a  heavy  body  connected  with  the  earth  by  this 
bond  of  attraction ;  and,  by  the  most  accurate  observations,  it  is 
known  to  be  obedient  to  the  same  laws  as  other  heavy  bodies  are : 
its  distance  is  also  clearly  ascertained,  being  about  240,000  miles, 
or  equal  to  about  sixty  semi-diameters  of  the  earth,  and  of  course 
the  earth's  attraction  upon  the  moon  ought  to  diminish  in  the  pro- 
portion of  the  square  of  this  distance ;  that  is,  it  ought  to  be  60 
times  60,  or  3600  times  less  at  the  moon  than  it  is  at  the  surface 
of  the  earth.  And  this  is  actually  the  case :  it  is  proved  by  a  cer- 
tain deviation  in  the  moon's  course,  which  you  will  comprehend 
better  when  you  become  acquainted  with  astronomy. 

Again,  the  earth  is  not  a  perfect  sphere,  but  a  sj^roid,  that  is, 
rath^  flat  at  the  two  ends  called  the  poles,  and  the  distance  from 
the  centre  to  the  poles  is  about  12  or  13  miles  less  than  its  distance 
from  the  centre  to  the  equator ;  consequently  bodies  ought  to  be 
something  heavier  at  and  near  the  poles  than  they  are  at  the  equator, 
which  is  also  found  to  be  the  case.  Hence  it  is  inferred  that  the 
attraction  of  gravitation  varies  at  all  distances  from  the  centre  of 
the  earth,  in  proportion  as  the  squares  of  those  distances  increase,  f 

*  Ex.  Snppone  it  were  required  to  find  the  weight  of  a  leaden  ball,  at  the  top  of 
t  mountain  three  miles  high,  which  on  the  surface  of  the  earth  weighs  20  lb. — 

If  the  lemi-diameter  of  the  earth  be  taken  at  4000,  then  add  to  this  the  height 
of  the  mountain,  and  say,  as  the  square  of  4003  is  to  the  square  of  4000,  so  is  20  lb. 
to  a  fourth  proportional :  or  as  16,024,009  :  16,000,000  : :  20  :  1997 ;  or  something 
more  tiian  19  Id.  15i  oz.  which  is  the  weight  of  the  leaden  ball  at  the  top  of  the 
mountain. 

t  See  Astronomj,  Conversation  YI. 

C 
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C,  It  seems  very  surprising  that  philosopkers,  who  have  dis- 
covered so  many  things,  have  not  been  able  to  find  out  the  cause 
of  gravity.  Had  Sir  Isaac  Newton  been  asked  why  a  marble 
dropped  from  the  hand,  falls  to  the  ground,  could  he  not  have  as- 
signed a  reason  ? 

F,  That  great  man,  probably  the  greatest  man  that  ever  adorned 
this  world,  was  as  modest  as  he  was  great,  and  he  would  have  told, 
you  he  knew  not  the  cause. 

The  late  learned  Dr.  Price,  in  a  work  which  he  published  more 
than  forty  years  ago,  asks,  ^^Who  does  not  remember  a  time 
when  he  would  have  wondered  at  the  question,  why  does  tuater. 
run  down  hill  f  What  ignorant  man  is  there  who  is  not  per- 
suaded that  he  understands  this  perfectly  ?  But  every  improved 
man  knows  it  to  be  a  question  he  cannot  answer."  For  the 
descent  of  water,  like  that  of  other  heavy  bodies,  depends  upon 
the  attraction  of  gravitation,  the  cause  of  which  is  still  involved  in 
darkness. 

E,  You  just  now  said  that  heavy  bodies  by  the  force  of  gravity 
fall  about  sixteen  feet  in  a  second  of  time ;  is  that  always  the 
case? 

F,  Yes  ;  all  bodies  near  the  surface  of  the  earth  in  our  latitude 
fall  at  that  rate  in  the  first  second  of  time  ;  but  as  the  attraction 
of  gravitation  is  continually  acting,  so  the  velocity  of  &lling 
bodies  is  an  increasing,  or,  as  it  is  usually  called,  an  accelerating 
velocity.  It  is  found  by  very  accurate  experiments  that  a  body 
descending  from  a  considerable  height  by  the  force  of  gr&iMff 
falls  16  feet  in  the  first  second  of  time ;  3  times  16  feet  in  toe 
next;  5  times  16  feet  in  the  third;  7  times  16  in  the  fourth 
second  of  time ;  and  so  on,  continually  increasing  according  to 
the  odd  numbers,  1,  3,  5,  7,  9,  11,  &c.  In  our  latitude  the  true 
distance  fallen  in  the  first  second  is  16^  feet ;  and  by  reason  of 
the  centrifugal  force,  this  space  varies  a  little  in  different  latitudes. 
But  this  is  not  the  proper  time  to  explain  to  you  these  minutis. 


CONVERSATION  VIH. 

Of  the  Attraction  of  Gravitation. 

F.  Would  a  ball  of  twenty  pounds  weight  here,  really  weigh 
half  an  ounce  less  on  the  top  of  a  mountain  three  miles  high  ? 

F.  Certainly ;  but  you  would  not  b%  able  to  ascertain  it  by 
means  of  a  pair  of  scales  and  another  weight,  because  both  wdglits 
being  in  similar  situations,  would  lose  equal  portions  of  their 
gravity. 
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E.  How,  then,  would  you  make  the  experiment  ? 

F,  By  means  of  one  of  those  steel  spiral-spring  instruments 
which  you  have  seen  occasionally  used,  the  fact  might  be  ascer- 
tained. 

C.  I  think,  from  what  you  told  us  ypsterday,  tjiat  with  the 
assistance  of  your  stop-watch,  I  could  tell  the  height  of  any  place, 
by  observing  the  .number  of  seconds  that  a  marble  or  other  heavy 
body  would  take  in  falling  from  that  height. 

F,  How  would  you  perform  the  calculation  ? 

C.  I  should  go  through  the  multiplications  according  to  the 
number  of  seconds,  and  then  add  thein  together. 

E,  Explain  yourself  more  particularly.  Supposing  you  were 
to  let  a  marble  or  peainy-piece  fall  down  that  deep  well  which 
we  saw  in  the  brick-field  near  Ramsgate,  and  that  it  was  exactly 
five  seconds  in  the  descent,  what,  would  be  the  depth  of  the 
well? 

C.  In  the  jfirst  second  it  would  fall  16  feet ;  in  the  next  3  times 
16,  or  48  feet ;  in  the  third  5  times  16,  or  80  feet;  in  the  fourth 
7  times  16,  or  112  feet ;  and  in  the  fifth  second  9  times  16,  or 
144  feet;  now  if  I  add  16,  48,  80,  112,  and  144  together,  the 
sum  will  be  400  feet,  which,  according  to  your  rule,  is  the  depth 
of  ^  well.     But  was  the  well  so  deep  ? 

J*.  I  do  not  think  it  was,  but  we  did  not  make  the  experiment ; 
should  we  ever  go  to  that  place  again,  you  may  satisfy  your 
curiosity.  You  recollect  that  at  Dover  Castle  we  were  told  of  a 
well  there  360  feet  deep  ? 

Though  your  calculation  was  accurate,  yet  it  was  not  done  as 
nature  c^BEects  h^  op^^tions,  that  is,  iu  the  shortest  way. 

C  I  should  be  pleased  to  know  an  easier  method ;- this,  how- 
ever, is  very  simple ;  it  required  nothing  but  nmltiplication  and 
addition. 

F.  TVue ;  but  suppose  I  had  given  you  an  example  in  which 
the  number  of  seconds  had  been  fifty  instead  of  five,  the  work 
would  probably  have  taken  you  nearly  an  hour  to  perforjn ; 
whereas  by  the  rule  which  1  am  going  to  give,  it  might  have  been 
done  in  half  a  minute. 

C,  Pray  let  me  have  it ;  I  hope  it  can  be  easily  remembered. 

F.  Yes:  I  think  it  cannot  be  forgotten  after  it  is  once  un- 
derstood. The  rule  is  this ;  ^^  the  spaces  described  by  a  bodyfaU" 
ing  freely  from  a  state  of  rest,  increase  as  the  Squares  of  the 
times  inerease.**  Consequently  you  havfe  only  to  square  the  num- 
ber of  seconds,  that  is,  to  multiply  the  number  into  itself,  and 
then  multiply  that  again  by  sixteen  feet,  the  space  which  it 
describes  in  the  first  second,  and  you  have  the  required  answer. 
Now  try  the  example  of  the  well. 
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C.  The  square  of  6,  for  the  time,  is  25,  which,  multiplied  hy 
16,  gives  400,  just  as  I  brought  it  out  before.    Now  if  the  seconds 
had  been  60,  the  answer  would  be  50  times  60,  which  is  2500,  • 
and  this  multiplied  by  16,  gives  40,000  for  the  space  required. 

F.  I  will  now  ask  your  sister  a  question,  to  try  how  she  has 
understood  this  subject.  Suppose  you  observe  by  this  watch  that 
the  time  of  the  flight  of  your  brother's  arrow  is  exactly  six 
seconds,  to  what  height  does  it  rise  ? 

E,  Tiiis  is  a  different  question,  because  here  the  ascent  as  well 
as  the/aZ^  of  the  arrow  is  to  be  considered. 

F.  But  you  will  remember  that  the  time  of  the  ascent  is  always 
equal  to  that  of  the  descent ;  for  as  the  velocity  of  the  descent  is 
generated  by  the  force  of  gravity,  so  is  the  velocity  of  the  ascent 
destroyed  by  the  same  force. 

E.  Then  the  arrow  was  three  seconds  only  in  falling ;  now  the 
square  of  three  is  9,  which,  multiplied  by  16,  for  the  number  of 
feet  described  in  the  first  second,  is  equal  to  144  feet,  the  height 
to  which  it  rose. 

F,  Now,  Charles,  if  I  get  you  a  bow  which  will  carry  an  arrow 
so  high  as  to  be  fourteen  seconds  in  its  flight,  can  you  tell  me  the 
height  to  which  it  ascends  ? 

(J.  I  can  now  answer  you  without  hesitation :  it  will  be  7 
seconds  in  falling,  the  square  of  which  is  49,  and  this  again  mul- 
tiplied by  16,  will  give  784  feet,  or  rather  more  than  261  yards, 
ibr  the  answer. 

F,  If  you  will  now  consider  the  example  which  you  did  the 
long  way,  you  will  see  that  the  rule  which  I  have  given  you 
answers  very  completely.  In  the  1st  second  the  body  fell  16  feet, 
and  in  the  next  48 ;  these  added  together  make  64,  which  is  the 
square  of  the  2  seconds  multiplied  by  16.  The  same  holds  true- 
<)f  the  first  three  seconds,  for  in  the  3rd  second  it  fell  80  ieeU 
which  added  to  the  64,  give  144,  equal  to  the  square  of  3  multi- 
plied by  16.  Again,  in  the  4th  second  it  fell  112  feet,  which 
added  to  144,  give  256,  equal  to  the  square  of  4  multiplied  by 
16 ;  and  in  the  5th  second  it  fell  144  feet,  which  added  to  256, 
give  400,  equal  to  the  square  of  5  multiplied  by  16.  Thus  you 
will  find  the  rule  hold  in  all  cases,  that  the  space  described  hy 
bodies  falling  freely  from  a  state  of  rest,  increases  as  the  Squares 
of  the  time  increase, 

C.  I  think  I  shall  not  forget  the  rule.  I  will  also  show  my 
cousin  Henry  how  he  may  know  the  heiglit  to  which  his  bow  will 
carry. 

F.  The  surest  way  of  keeping  what  knowledge  we  have  ob- 
tained is  by  communicating  it  to  our  friends. 

C.  It  is  a  very  pleasant  circumstance,  indeed,  that  the  giving.* 
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away  is  the  best  method  of  keeping,  for  I  am  sure,  to  be  able  tb 
oblige  our  friends  is  a  most  delightful  thing. 

F,  Your  liberal  sentiments  are  highly  gratifying  to  me ;  and 
I  gladly  confirm  them  by  adding  more  to  your  stock  of  know- 
ledge. And,  in  reference  to  the  subject  now  before  us,  it  may 
be  necessary  to  guard  you  against  the  notion,  that  because  the 
spaces  described  by  falling  bodies  are  as  the  squares  of  the  times, 
the  velocities  increase  in  the  same  ratio.  This  is  not  the  case. 
The  velocity  acquired  by  a  body  falling  freely,  at  the  end  of  the 
Ist-second  of  its  motion,  is  such  as,  if  it  continued  uniform,  would 
carry  it  over  32  feet  in  the  next  second.  And  in  all  succeeding 
intervals  the  velocities  are  as  the  times :  that  is,  at  the  end  of  2, 
3,  4,  and  5  seconds,  the  velocities  acquired  will  be,  respectively, 
twice,  thrice,  four  times,  and  five  times  32  feet ;  or,  64,  96,  128, 
and  160  feet. 

'E,  Before  we  quit  this  part  of  the  subject,  papa,  let  me  try  if 
I  thoroughly  comprehend  your  meaning.  A  falling  body  having 
been  in  motion  4  seconds,  will  have  descended  266  feet,  and  will 
then  have  a  velocity  of  128  feet ;  but  the  motion  still  accelerates 
and  causes  the  body  to  pass  over  nine  times  16,  or  144  feet,  in 
the  5th  s€?cond,  making  in  all  400  feet :  it  will  then  have  acquired 
a  velocity  of  5  times  32,  or  160  feet  in  a  second,  which  if  it  con- 
tinued uniform  for  another  6  seconds,  would  carry  the  body  over 
800  feet,  or  just  twice  the  space  described  by  the  body  in  the 
first  5  seconds,  during  which  its  motion  was  equably  accelerated 
by  gravity. 

I\  You  have  convinced  me,  my  dear  Emma,  that  you  have 
most  accurately  caught  the  distinction  I  wished  you  to  under- 
stand. If  you  go  to  the  library,  and  in  Gregory*s  '  Mechanics,' 
or  one  of  the  Cyclopaedias,  look  to  the  account  of  Attwoob's 
Machine,  you  will  find  a  description  of  some  curious  experiments 
by  which  the  whole  will  be  rendered  evident  to  your  eye  as  well 
Ba  to  the  mind*s  eye. 


CONVERSATION  IX. 

0/  the  Centre  of  Gravity, 

F.  We  are  now  going  to  investigate  the  Centre  of  Gravity , 
which  is  that  point  of  a  body  in  which  its  whole  weight  is,  as  it 
were,  concentrated,  and  upon  which,  if  the  body  be  freely  sus- 
pended, it  will  rest ;  and  in  all  other  positions  the  centre  of 
gravity  will  endeavour  to  descend  to  the  lowest  place  to  which  it 
can  pass. 


O.  A]\  b<>dies,  Ibenj  nf  whatever  shape,  have  &  centre  of 
gravity  ? 

F.  rhej  have:  and  if  you  conceive  a  line  drawn  from  the 
cmitre  of  gravity  of  a  body  towards  the  iMntre  of  the  earth,  that 
tine  is  called  the  line  of  direction,  along  which  every  foody,  not 
support^,  endeavours  to  fall.  When  the  lint  (^  directimt'a  widi- 
in  ihe  ba%,  it  will  stand  ;  if  out^de,  it  will  fall. 

If  I  place  the  pece  of  wood  a  on  the  edge 
of  a.  table,  and  from  a  pin  a  at  its  centre  <rf 
gravity  haog  a  little  weight  b,  the  line  of  di- 
rection a  b  falls  within  the  baae,  and  therefore, 
though  the  wood  leans,  yet  it  stands  secure. 
But  if  upon  A.,  another  piece  of  wood  b  be 
placed,  it  is  evident  that  the  centre  of  gravity 
of  the  whole  will  be  now  raised  to  e,  at  which 
point,  if  a  weight  he  hur^,  and  it  bo  found 
that  the  line  of  direction  lails  outside  the  base^ 
rig.  7.  the  body  must  fall. 

E.  I  think  I  now  see  the  reason  of  the 
advice  which  you  gave  me,  when  going  across  the  Thames  in  a 
boat. 

F,  I  fold  you  that  if  you  were  overtaken  by  a  sform  or  a 
squall,  while  on  Ihe  water,  you  must  not  let  your  fears  induce 
you  to  rise  from  your  seat ;  because  you  would  thus  elevate  the 
centre  of  gravity,  and  thereby,  as  is  evident  by  the  last  eiperi- 
ment,  increase  the  danger:  whereas,  if,  at  the  niootent  of  danger, 
all  on  board  lie  on  the  bottom,  the  risk  would  be  diminished,  by 
briiimng  the  centre  of  gravity  much  lower. 

£.  Surely  then,  papa,  those  omnibuses,  whose  tops  are  loaded 
with  a  doz«n  or  more  people,  cannot  be  safe  for  the  passengers  ? 

F.  They  are  very  unsafe;  and  that  they  are  not  more  fre- 
quently overturned  is  due  to  the  good  or  even  roads  of  ihia 
country  ;  a  comer  or  sloping  road  would  throw  the  centre  of 
gravity  beyond  the  base,  and  they  would  inevitably  fall. 

C.  I  understand,  then,  that  the  nearer  the  centre  of  .gravity  is 
to  the  base  of  a  body,  the  flrnier  it  will  stand  ? 

F,  Certainly  ;  and  hence  you  see  why  conical  bodies  stand  so 
firmly  on  their  bases,  for  the  tops  being  small  in  comparison  to 
the  lower  parts,  the  centre  of  gravity  is  very  low ;  and  if  tlie  cone 
be  upright  or  perpendicular,  the  line  of  direction  falls  in  the 
middle  of  the  base,  which  is  another  fundamental  properly  to 
steadiness  in  bodies.  For  the  broader  the  base,  and  tho  nearer 
the  line  of  direction  is  to  the  middle  of  it,  the  more  firmly  does 
a  body  stand  ;  but  if  the  line  of  direction  fall  near  the  edge,  the 
body  is  easily  overthrown. 
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C.  Is  that  the  reason  why  a  ball  ia  so  easily  rolled  along  a  hori- 
toatal  plane  ? 

F,  It  is ;  for,  in  all  spherical 
bodies,  the  base  is  but  a  point ; 
consequently  the  smallest  force 
it  sufficient  to  remove  the  line 
of  direction  out  of  it.  Hence, 
heavy  bodies  situated  on  an 
inclined  plxne  will,  nhile  ihe 
line  of  direetion  fails  within 
the  base,  slide  down  upon  the 
plane :  but  they  will  roll  when 

ifaat  line  falls  wilhoot  the  base.  ^ 

The   body   A   will   slide  down 
the  plane  d  b,  but  the  bodiea  Fig.  8. 

B  and  c  will  roll  down  it. 

E.  I  have  seen  buildings  lean  very  much  out  of  a  straight  line ; 


(  building  leans,  that  the  centre 
of  gravity  does  not  fall  within 
the  base.  There  is  a  high  tower 
at  Pisa,  a  town  in  Italy,  which 
leans  fifteen  feet  out  of  the  per- 
pendicular ;  still  it  is  found  by 
experiment  that  the  line  of 
direction  fulU  within  its  base, 
and  therefore  it  will  stand  so 
t  hold  to- 


A  wall  at  Bridgcnorth,  in 
Shropshire,  which  1  hare  seen, 
stands  in  a  similar  situation: 
bat  so  long  as  a  line  c  b,  let  fall 
frwn  the  centre  of  gravity  c 
of  the  building  a.  b,  passes 
within  the  base  c  k,  it  will 
remain  firm,  unless  the  materials, 
with  which  it  is  built,  go  to  p;^  ^ 

decay. 

O.  It   must   be    of   great    use   in   many   cases   to   know  the 
method  of  finding  the  centre   of  gravity  in   diflbrent  i^iuds   of 
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property  the  centre  of  gravity  has,  of  always  endeavouring  to 

descend  to  the  lowest  point. 

If  a  body  a  be  freely  suspended 
on  a  pin  a,  and  a  plumb-line  a  b 
be  hung  by  the  same  pin,  it  will 
pass  through  the  centre  of  gra- 
vity, for  that  centre  is  not  in  the 
lowest  point,  till  it  fall  in  the 
same  line  as  the  plumb-line. 
Mark  the  line  a  b  ;  then  hang  the 
body  up  by  any  other  point,  as 
^8r-l0.  P^    yff\^    tljg    plumb-line  i>   b, 

which  will  also  pass  through  the  centre  of  gravity  for  the  same 
reason  as  before ;  and  therefore,  as  the  centre  of  gravity  is 
somewhere  in  a  b,  and  also  in  some  point  of  d  s,  it  must  be  in 
the  point  c,  where  those  lines  cross. 


CONVERSATION  X. 

Of  the  Centre  of  Gravity, 

C,  How  do  those  people  who  have  to  load  carts  and  waggons 
with  light  goods,  as  hay,  wool,  &c.,  know  where  to  find  th^ 
centre  of  gravity  ? 

F.  Perhaps  the  generality  of  them  never  heard  of  such  a  prin- 
ciple ;  and  it  seems  surprising  that  they  should  nevertheless  make 
up  their  loads  with  such  accuracy  as  to  keep  the  line  of  direction 
in  or  near  the  middle  of  the  base. 

E,  I  have  sometimes  feared  to  pass  by  the  hop-waggons  which 
we  have  met  in  the  Kent  Road. 

F.  And  without  any  impeachment  of  your  courage  ;  for  they 
are  loaded  to  such  an  enormous  height,  that  they  totter  every 
inch  of  the  road.  It  would  be  impossible  for  one  of  these  to  pass 
with  tolerable  security  along  a  road  much  inclined  ;  the  centre  of 
gravity  being  removed  so  high  above  the  body  of  the  carriage,  a 
small  declination  on  one  side  or  the  other  would  throw  the  line  of 
direction  out  of  the  base. 

E.  When  my  brother  James  falls  about,  it  is  because  he  cannot 
keep  the  centre  of  gravity  between  his  feet  ? 

F,  That  is  the  precise  reason  why  any  person,  whether  old 
or  young,  falls.  And  hence  you  learn  that  a  man  stands  much 
firmer  with  his  feet  a  little  apart  than  if  they  were  quite  close, 
for  by  separating  them  he  increases  the  base.  Hence,  also,  the" 
difficulty  of  sustaining  a  tall  body,  as  a  walking-cane,  upon  a 
narrow  foundation. 
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E,  How  do  rope  and  wire  dancers,  whom  I  have  seen  at  the 
Circus,  manage  to  balance  themselves  ? 

F.  They  generally  hold  a  long  pole,  with  weights  at  each  end, 
across  a  rope  on  which  they  dance,  keeping  their  eyes  fixed  on 
some  object  parallel  to  the  rope,  by  which  means  they  know 
when  their  centre  of  gravity  declines  to  one  side  of  the  rope  or 
the  other,  and  thus,  by  the  help  of  the  pole,  they  are  enabled  to 
keep  the  centre  of  gravity  over  the  base,  narrow  as  it  is.  It  is 
not  however  rope-dancers  only  that  pay  attention  to  this  prin- 
ciple, but  the  most  common  actions  of  persons  in  general  are 
regulated  by  it. 

C\  In  what  respects  ? 

F,  We  bend  forward  when  we  go  up  stairs,  or  rise  from  our 
chair,  in  order  to  bring  the  line  of  direction  towards  our  feet. 
For  the  same  reason,  a  man  carrying  a  burden  on  his  back 
leans  forward,  and  backward  if  he  carries  it  on  his  breast. '  If 
the  load  be  placed  on  one  shoulder,  he  leans  to  the  other.  If 
we  slip  or  tumble  with  one  foot,  we  naturally  extend  the 
opposite  arm,  making  the  same  use  of  it  as  the  rope-dancer  of 
hispole. 

This  property  of  the  centre  of  gravity  always  tending  to 
descend,  will  account  for  appearances  which  are  sometimes  ex- 
hibited to  surprise  spectators. 

E.  What  ai*e  those? 

F.  One  is,  that  of  a  double  cone,  appearing  to  roll  up  two  in- 
clined planes,  forming  an  angle  with  each  other ;  for  as  it  rolls  it 
sinks  between  them,  and  by  that  means  the  centre  of  gravity  is 
actually  descending. 

Let  a  body,  e  f,  consisting' 
of  two  equal  cones  united  at 
their  bases,  be  placed  upon 
the  edges  of  two  straight 
smooth  rulers,  a  b  and  c  d, 
which  in  one  end  meet  in 
angle  at  a,  and  rest  on  a 
horizontal  plane,  and  at  the 
other  are  raised  a  little 
above  the  plane;  the  body 
will  roll  towards  the  ele- 
vated end  of  the  rulers,  and  appear  to  ascend ;  the  parts  of  the 
cone  that  rest  on  the  rulers  becoming  smaller  as  they  go  over  a 
large  opening,  and  thus  letting  it  down,  the  centre  of  gravity 
descends.  But  you  must  remember  that  the  height  of  the  planes 
must  be  less  than  the  radius  of  the  base  of  the  cone. 


Fig.  11. 


F.  Yes,  it  is ;  but  this  can  onlr  be  effected  to  a  small  distance. 
_  If  a  cylinder  of  pasteboard,  or  very  light 

wood,  A  B,  having  its  centre  of  gravity  at  c, 
be  placed  on  the  inclined  plane  c  d,  it  will 
roll  down  the  inclined  plane,  because  a  line 
of  direclioo  from  that  centre  lies  out  of  the 
base.  If  I  now  fill  the  little  hole  o  above 
with  a  plug  of  lead,  it  will  roll  up  the  in- 
clined plane,  till  the  lead  gels  near  the  base. 
Fig,  12.  where  it  will  lie  still;  because  the  centre 

o  gravity,  by  means  of  the  lead,  ia  removed  from  c  towards 
the  plug,  and  therefore  is  descending,  though  the  cylinder  is 
ascending. 

E.  I  remember  our  surprise  at  the  circus  to  see  a  man  stand 
upon  a  large  globe,  and  while  upon  it  roll  it  up  a  long  incline  and 
down  again.     I  suppose  this  was  on  the  same  principle. 

F.  Yes :  with  one  foot  he  pressed  upon  the  distant  side,  and 
so  made  the  centre  of  gravity  continually  to  be  outside  the  base, 
in  the  direction  in  which  he  desired  to  move;  and  be  skilfully 
applied  the  other  foot  to  the  surface,  in  such  a  direction  as  to  act 
favouraWy  widi  the  other. 

Before  I  end  this  subject,  I  will  show  you  another  eiperi- 
'n  which  the  principle  of  "  the  centre  of  gravity  "  is  appa- 
rent.   Upon  this  stick  a,  wtuch, 
of  itself,  would  fall,  because  its 
centre  of  gravity  bangs  over  the 
\  table  E  F,  I  suspend  a  bucket  b, 
fixing  one  end  of  another  stick  a,  in 
a  notch  between  a  and  k,  and  the 
other   against   the   inside   of   the 
pail  at  the  bottom.   Now  vou  will 
see  that  the  bucket  will,'  in  this 
^*  13.  position,    be    supported     though 

filled  with  water.  For  the  bucket  being  pushed  a  little  out  of 
the  perpndicolar  by  the  stick  a,  the  centre  of  gravity  of  the 
whole  is  brought  under  the  table,  and  is  cori-sequentiy  supported 
by  it. 

The  knowledge  of  the  principle  of  the  centre  of  gravity  in 
bodies  will  enable  you  to  explain  the  structure  of  a  variety  of 
toys  which  are  put  into  the  hands  of  children,  such  as  the  lUtU 
aawyer,  TOp€-danteT,  tamhUr,  •£<:. 
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CONVERSATION  XI. 

On  the  X/aw8  of  Motion^ 

C.  Are  you  now  going,  papa,  to  describe  those  machines 
which  you  call  mechanical  powers  f 

F,  We  must,  I  believe,  defer  that  a  day  or  two  longer,  as  I 
have  a  few  more  general  principles  with  which  I  wish  you  pre- 
viously to  be  acquainted. 

E.  What  are  these? 

F,  In  the  first  place,  you  must  well  understand  what  are  deno- 
minated the  three  general  laws  of  motion ;  the  first  of  which  is, 
"  that  every  body  will  contimie  in  its  state  of  rest  or  of  uniform 
motion^  until  it  is  compelled  by  some  force  to  change  its  stated 
This  constitutes  what  is  denominated  the  inertia  or  inactivity  of 
matter.  And  it  may  be  observed  that  a  change  never  happens  in 
the  motion  of  any  body,  without  an  equal  and  opposite  change  in 
the  motion  of  some  other  body. 

C,  There  is  no  difficulty  in  conceiving  that  a  body,  as  this 
inkstand,  in  a  state  of  rest,  must  always  remain  so,  if  no  external 
force  be  impressed  upon  it  to  give  it  motion.  But  I  know  of  no 
example  which  will  lead  me  to  suppose  that  a  body  once  put  into 
motion  would  of  itself  continue  so. 

F,  You  will,  I  think,  presently  admit  the  latter  part  of  the 
assertion,  as  well  as  the  former,  although  it  cannot  be  established 
by  experiment. 

E,  I  should  be  glad  to  hear  how  this  is. 

F,  You  will  not  deny  that  the  ball,  which  you  strike  from  the 
trap,  has  no  more  power  either  to  destroy  its  motion,  or  to  cause 
any  change  in  its  velocity,  than  it  has  to  change  its  shape  ? 

C.  Certainly :  nevertheless,  in  a  few  seconds  after  I  have 
struck  the  ball  with  all  my  force,  it  falls  to  the  ground,  and  then 
stops. 

F,  Do  you  find  no  difference  in  the  time  that  is  taken  up  be- 
fore it  comes  to  rest,  even  supposing  your  blow  the  same  ? 

C,  Yes,  if  I  am  playing  on  the  grass  it  rolls  to  a  less  distance 
than  when  I  play  on  the  smooth  gravel. 

F.  You  find  a  like  difference  when  you  are  playing  at  marbles, 
if  you  play  in  the  gravel  court,  or  on  the  even  pavement  in  the 
ankde. 

C.  The  marbles  run  so  easily  on  the  smooth  stones  in  the 
arcade,  that  we  can  scarcely  shoot  with  a  force  small  enough. 

E,  And  I  remember  Charles  and  my  consin  were,  last  winter, 
trying  how  far  they  could  shoot  their  marbles  along  the  ice  in  the 
<;anal ;  and  they  went  a  prodigious  distance  in  comparison  to  that 
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which  they  would  have  gone  on  the  gravel,  or  even  on  the  pave- 
ment in  the  arcade. 

b\  Now  these  instances  properly  applied  will  convince  you, 
that  a  body  once  put  into  motion  would  go  on  for  ever,  if  it  were 
not  compelled  by  some  external  force  to  change  its  state. 

C,  I  perceive  what  you  are  going  to  say  : — ^it  is  the  rubbing  or 
friction  of  the  marbles  against  the  ground  which  gradually  stops 
the  motion.  For  on  the  pavement  there  are  fewer  obstacles  than 
on  the  gravel,  and  fewer  on  the  ice  than  on  the  pavement ;  and 
hence  you  would  lead  us  to  conclude,  that  if  all  obstacles  were 
removed '  they  might  proceed  on  for  ever.  But  what  are  we  to 
say  of  the  ball — how  is  that  stopped  ? 

F,  Besides  friction,  there  is  another  and  still  more  important 
circumstance  to  be  taken  into  consideration,  which  affects  the 
ball,  marbles,  and  every  body  in  motion. 

C,  Do  I  understand  you  to  mean  attraction  of  gravitation. 

F,  Yes ;  for  from  what  we  said  when  we  conversed  on  that 
subject,  it  appeared  that  gravity  has  a  tendency  to  bring  every 
body  in  motion  to  the  earth ;  consequently,  in  a  few  seconds, 
your  ball  must  come  to  the  ground  by  that  cause  alone  ;  but  be- 
sides the  attraction  of  gravitation,  there  is  the  resistance  of  the 
air,  through  which  the  ball  moves. 

E.  That  cannot  be  much,  I  think. 

F.  Perhaps,  with  regard  to  the  ball  struck  from  your  brother's 
trap,  it  is  of  no  great  consideration,  because  the  velocity  is  but 
small ;  but  in  all  great  velocities,  as  that  of  a  ball  from  a  musket 
or  cannon,  there  will  be  a  material  difference  between  the  theory 
and  practice,  if  it  be  neglected  in  the  calculation.  Move  your 
mamma's  riding-whip  through  the  air  slowly,  and  you  obser\'e 
nothing  to  remind  you  that  there  is  this  resisting  medium ;  but 
if  you  swinsj  it  with  considerable  swiftness,  the  noise  which  it 
occasions  will  inform  vou  of  the  resistance  it  meets  with  from 
something,  which  is  the  atmosphere. 

G.  If  I  now  understand  you,  the  force  which  compels  a  body 
in  motion  to  stop,  is  of  three  kinds :  1,  the  attraction  of  gravi- 
tation ;  2,  the  resistance  of  the  air  ;  and  3,  the  resistance  it  meets 
with  from  friction. 

F,  You  are  quite  right. 

C,  I  have  no  difficulty  in  understanding  that  a  body  in  motion 
will  not  come  to  a  state  of  rest,  except  by  the  application  of  an 
external  force,  acting  upon  it  in  some  way  or  other.  I  have 
seen  a  gentleman,  when  skating  on  very  slippery  ice,  go  a  great 
way  without  any  exertion  to  himself;  but  where  the  ice  was 
rough,  he  could  not  go  half  the  distance,  without  making  fresh 
efforts. 
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F,  I  will  mention  another  illustration  or  two  of  this  law  of 
motion.  Put  a  basin  of  water  into  your  little  sister's  waggon, 
and  when  the  water  is  perfectly  still,  move  the  waggon ;  and  the 
water,  resisting  the  motion  of  the  vessel,  will  at  first  rise  up  in 
the  direction  contrary  to  that  in  which  the  vessel  moves.  If, 
when  the  motion  of  the  vessel  is  communicated  to  the  water,  you 
suddenly  stop  the  waggon,  the  water,  in  endeavouring  to  continue 
the  state  of  motion,  rises  up  on  the  opposite  side. 

In  like  manner,  if,  while  you  are  sitting  quietly  on  your  horse, 
the  animal  starts  forward,  you  will  be  in  danger  of  falling  off 
backward  ;  but  if  while  you  are  galloping  along,  the  animal  stops 
suddenly,  you  will  be  liable  to  be  thrown  forward. 

C.  This  I  know  by  experience,  but  I  was  not  aware  of  the 
reason  of  it  till  to-day. 

F,  You  were  wondering  the  other  day  how  the  rider  at  the 
circus,  while  his  horse  was  in  full  gallop,  could  jump  over  a  rope 
and  fall  exactly  on  the  horse's  back  ;  but  you  will  now  see  that 
as  he  already  has  the  onward  circular  motion,  the  only  motion 
he  had  to  give  himself  was  an  upward  motion  in  order  to  clear 
the  rope ;  the  onward  motion  carried  him  to  his  place  again  on 
the  saddle. 

E,  Now  I  see  that  the  railway  carriage  and  all  that  it  contains 
moves  at  the  same  velocity. 

F,  Yes,  and  you  now  perceive  that,  when  some  obstacle  sud- 
denly stops  a  train,  the  passengers  are  carried  miward,  and 
hurled  against  the  front  of  the  carriages. 

.  One  of  the  first,  and  not  least  important  uses  of  the  principles 
of  natural  philosophy,  is,  that  they  may  be  applied  to,  and  will 
explain,  many  of  the  common  concerns  of  life. 

We  now  come  to  the  second  law  of  motion,  which  is : — "  that 
the  change  of  motion  is  proportional  to  the  force  impressed^  and 
in.  the  direction  of  thatforce.^^ 

C.  There  is  no  diflSculty  in  illustrating  this  layj' ;  for  if,  while  my 
cricket-ball  is  rolling  along  (after  Henry  has  struck  it),  I  strike  it 
again,  it  goes  on  with  increased  velocity,  and  that  in  proportion 
to  the  strength  which  I  exert  on  the  occasion  ;  whereas,  if  while 
it  is  rolling,  I  strike  it  back  again,  or  give  it  a  side  blow,  I  change 
the  direction  of  its  course. 

F.  In  the  same  way,  gravity,  and  the  resistance  of  the  atmo- 
s])here,  and  the  force  of  the  wind,  change  the  direction  of  a 
cannon-ball  from  its  course  in  a  straight  line,  and  bring  it  to  the 
groi^nd  ;  and  the  ball  goes  to  a  greater  or  less  distance  in  propor- 
tion to  the  quantity  of  power  used. 

The  third  law  of  motion  is : — ^"  that  to  every  action  of  one 
hody  upon  another,  there  is  an  equal  and  contrary  reaction,** 
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If  T  strike  this  table,  1  communicate  to  it  (which  you  perceive 
by  the  shaking  of  the  glasses)  the  motion  of  my  hand  :  and  the 
table  reacts  against  my  hand,  just  as  much  as  my  hand  acts 
against  the  table. 

If  you  press  with  your  finger  one  scale  of  a  balance^  to  keep 
it  in  equilibrio  with  a  pound  weight  in  the  other  scale,  you  wifi 
perceive  that  the  scale  pressed  by  the  finger  acts  against  it  with 
a  force  equal  to  a  pound,  widi  which  the  other  scale  endeavours 
to  descend. 

In  all  cases  the  quantity  of  motion  gained  by  one  body  is  always 
equal  to  that  lost  by  the  other  in  the  same  direction.  Thtis^  if  a 
ball  in  motion  strike  another  at  restj  the  motion  communicated 
to  the  latter  will  be  taken  from  the  former,  and  the  velocity  of 
the  former  will  be  proportionally  diminished. 

A  horse  drawing  a  heavy  load  is  as  much  drawn  back  by  the 
load  as  he  draws  it  forward. 

E.  I  do  not  comprehend  how  the  cart  draws  the  horse. 

F,  But  the  progress  of  the  horse  is  impeded  by  the  load,  which 
is  the  same*  thing ;  for  the  force  which  the  horse  exerts  would 
carry  him  to  a  greater  distance  in  the  same  time,  were  he  freed 
from  the  incumbrance  of  the  load,  and  therefore,  as  much  as  his 
progress  falls  short  of  that  distance,  so  much  is  he,  in  efiect, 
drawn  back  by  the  reaction  of  the  loaded  cart. 

Again,  if  you  and  your  brother  were  in  a  boat,  and  attempted 
to  draw  another  boat  to  you,  the  former  would  be  as  much  pulled 
toward  the  other  boat  as  that  would  be  moved  to  you ;  and  if 
the  weights  of  the  two  boats  were  equal,  they  would  meet  at  a 
point  half  way  between  the  two. 

If  you  strike  a  glass  botrle  with  an  iron  hammer,  the  blow  is 
received  by  the  hammer  and  the  glass ;  and  it  is  immaterial 
whether  the  hammer  be  moved  against  the  bottle  at  rest,  or  the 
bottle  is  moved  against  the  hammer  at  rest,  yet  the  bottle  will 
be  broken,  though  the  hammer  is  not  injured,  because  the  same 
blow  which  is  sufficient  to  break  glass  is  not  sufficient  to  break  or 
injure  a  mass  of  iron. 

E.  But  how  was  it,  papa,  that  when  Edward  carelessly 
directed  his  gun  yesterday  towards  the  greenhouse,  the  bullet 
passed  through  the  glass,  making  a  hole,  but  not  cracking  the 
glass  ? 

F,  Because  a  certain  amount  of  time  is  necessary  for  a  force 
to  propagate  itself  through  a  body ;  and  the  bullet  passed  so 
quickly  that  the  particles  of  glass,  against  which  it  struck,  were 
carried  away  before  the  motion  imparted  to  them  had  been  pro- 
pagated to  the  rest  of  the  glass.  Had  he  thrown  the  bullet  with 
hb  hand,  the  motion  would  have  been  sufficiently  slow  to  allow. 
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the  force  to  be  communicated,  and  the  glass  would  have  been 
broken. 

From  this  law  of  motion  you  may  learn  in  what  manner  a 
bird,  by  the  stroke  of  its  wings,  is  able  to  support  the  weight  of 
its  body. 

C.  rray  explain  this^  papa. 

F,  If  the  force  with  which  it  strikes  the  air  below  it  is  egtial 
to  the  weight  of  its  body,  then  the  reaction  of  the  air  upwards  is 
likewise  equal  to  it ;  and  the  bird,  being  acted  upon  by  two  equal 
forces  in  contrary  directions,  will  rest  between  them.  If  the 
force  of  the  stroke  is  greater  than  its  weight,  the  bird  will  rise 
with  the  difference  of  these  two  forces ;  and  if  the  stroke  be  less 
than  its  weight,  then  it  will  nak  with  the  difference. 


CONVERSATION  XII. 

On  the  Laws  of  Motiim, 

C,  I  am  prepared  to  believe  that  those  laws  of  motion  which 
you  explained  yesterday  are  of  great  importance  in  natural  philo- 
sophy. 

F,  Indeed  they  are,  and  should  be  carefully  committed  to 
memory.  They  were  assumed  by  Sir  Isaac  Newton  as  the  fun- 
damental principles  of  mechanics,  and  you  will  find  them  at  the 
head  of  most  books  written  on  these  subjects.  From  these  also 
we  are  naturally  led  to  some  other  branches  of  science,  which, 
though  we  can  but  slightly  mention  them,  should  not  be  wholly 
neglected.  They  are,  in  fact,  but  corollaries  to  the  laws  of 
motion. 

E.  What  is  a  corollary,  papa  ? 

F,  It  is  nothing  more  than  some  truth  clearly  deducible  from 
some  other  truth  before  demonstrated  or  admitted.  Thus, 
by  Hie  first  law  of  motion,  every  body  must  endeavour  to  continue 
in  the  haie  into  which  it  is  put,  whether  it  he  of  rest,  or  unifai^x 
motion  in  a  straight  line :  from  which  it  follows,  as  a  corollary, 
**  that  when  we  see  a  body  move  in  a  curve  line,  it  must  be  acted 
upon  by  at  least  two  forces." 

C  When  I  whirl  a  stone  round  in  a  sling,  what  are  the  two 
forces  which  act  upon  the  stone  ? 

F,  There  is  the  force  by  which,  if  you  let  go  the  string,  the 
rtene  will  fly  off  in  a  right  line ;  and  there  is  the  force  of  the 
hand,  which  keeps  it  in  a  circular  motion. 

E.  Are  there  any  of  these  circular  motions  in  nature  ? 
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F,  The  moon  and  all  the  planets  move  by  analogous  laws — ^to 
take  the  moon  as  an  instance.  It  has  a  constant  tendency  to  the 
earth,  by  the  attraction  of  gravitation,  and  it  has  also  a  natural 
desire  (as  it  were)  to  proceed  in  a  right  line,  by  that  projectile 
force  impressed  upon  it  by  the  Creator,  in  the  same  manner  as 
the  stone  flies  from  your  hand  :  now,  by  the  joint  action  of  these 
two  forces,  it  has  a  circular  motion. 

JE,  And  what  would  be  the  consequence,  supposing  the  pro- 
jectile force  to  cease  ? 

F  The  moon  must  fall  to  the  earth ;  and  if  the  force  of  gra- 
vity were  to  cease  acting  upon  the  moon,  it  would  fly  off"  into 
infinite  space.  Now  the  projectile  force,  when  applied  to  the 
))lanets,  is  called  the  centrifugal  force,  because  they  have  a  ten- 
dency to  recede  or  fly  from  the  centre  ;  and  the  other  is  termed 
the  centripetal  force,  from  their  direction  or  course  to  some  point 
as  a  centre. 

When  Mary  twirls  the  mop,  3'ou  see  the  threads  all  arrange 
themselves  like  rays  from  a  centre ;  but  the  drops  of  water  all  fly 
off  perpendicular  to  the  rays :  the  position  of  the  threads  is  the 
iiirection  of  the  centripetal  force,  that  of  the  drops,  of  the  cen- 
iri/uffaL 

C  And  all  this  in  consequence  of  the  inactivity  of  matter  by 
which  bo<lies  have  a  tendency  to  continue  in  the  same  state  they 
are  in,  whether  of  rest  or  motion  ? 

F,  You  are  right ;  and  this  principle,  which  Sir  Isaac  Newton 
assumed  to  be  in  all  bodies,  he  called  their  vis  inertioe,  to  which 
we  have  before  referred. 

C  A  few  mornings  ago  you  showed  us  that  the  attraction  of 
the  earth  upon  the  moon  '^  is  3600  times  less  than  it  is  upon 
heavy  bodies  near  the  earth's  surface.  Now,  as  this  attraction 
is  measured  by  the  space  fallen  through  in  a  given  time,  I  have 
endeavoured  to  calculate  the  space  which  the  moon  would  fall 
through  in  a  minute,  were  the  projectile  force  to  cease. 

F.  Well,  and  how  have  you  brought  it  out  ? 

C.  A  body  fadls  here  16  feet  in  the  first  second,  consequently 
in  a  minute,  or  60  seconds,  it  would  fall  60  times  60  feet,  that  -is 
3G00  feet,  which  is  to  be  multiplied  by  16 ;  and  as  the  moon 
would  full  through  3600  times  less  space  in  a  given  time  than 
a  IkxIv  here,  it  would  fall  only  16  feet  in  the  first  minute, 

F,  Your  calculation  is  accurate.  I  will  recall  to  your  miod 
the  seci^nd  law,  by  which  it  appears  tha^  every  motion  or  change 
vr"  motion  proiiuced  in  a  body,  must  he  proportional  to,  and  in  the 
dh\Hion  o/\the  force  imprtssed.  Therefore,  if  a  moving  body 
r».ceives  an  impulse  in  the  direction  of  its  motion,  its  velocity 

•  See  Conversation  IV.  , 
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will  be  increased ;  if  in  the  contrary  direction,  its  velocity  will 
be  diminished;  but  if  the  force  be  impressed  in  a  direction 
oblique  to  that  in  which  it  moves,  then  its  direction  will  be  be- 
tween that  of  its  former  motion,  and  that  of  the  new  force  im- 
pressed. 

C.  This  I  know  from  the  observations  I  have  made  with  my 
cricketrbalL 

F,  By  this  second  law  of  motion,  you  will  easily  understand 
that  if  a  body  at  rest  receives  two  impulses,  at  the  same  time, 
from  forces  whose  directions  do  not  coincide,  it  will,  by  their 
joint  action,  be  made  to  move  in  a  line  that  lies  between  the 
direction  of  the  forces  impressed. 

E,  Is  there  any  machine  that  will  prove  this  satisfactorily  to 
the  senses  ? 

F,  There  are  many  such,  invented  by  different  persons,  de- 
scriptions of  which  you  will  hereafter  find  in  various  books  on 
these  subjects.  But  it  is  easily  understood 
by  a  figure  If  on  the  ball  a  a  force  be 
impressed  sufiicient  to  make  it  move  with 
an  uniform  velocity  to  the  point  b,  in  a 
second  of  time;  and  if  another  force  be 
also  fflmultaneously  impressed  on  the  ball 
which  alone  would  make  it  move  to  the 
point  0,  in  the  same  time;  the  ball,  by 
means  of  the  two  forces,  will  describe  the  Fig.  14. 

line  A  i>)  which  is  the  diagonal  of  a  figure,  whose  sides  are  a  c 
and  A  B. 

C,  How  then  is  motion  produced  in  the'  direction  of  the  force  f 
According  to  the  second  law,  it  ought  to  be,  in  one  case,  in  the 
direction  a  c,  and,  in  the  other,  in  that  of  a  b,  whereas  it  is  in 
that  of  A  i>. 

F,  Examine  the  figure  attentively,  at  the  same  time  bear  in 
mind,  that  for  a  body  to  move  in  the  same  direction,  it  is  not 
necessaiT  that  it  should  move  in  the  saTne  straight  line  ;  but  that 
it  is  sufficient  to  move  either  in  that  line,  or  in  any  one  parallel 
to  it. 

C,  I  pearceiYe  then  that  the  ball,  when  arrived  at  d,  has 
moved  in  the  direction  a  c,  because  b  d  is  parallel  to  A  c ;  and 
also  in  the  direction  a  b,  because  c  d  is  parallel  to  it. 

F,  And  in  no  otiier  possible  situation  but  at  the  point  i>, 
could  this  experiment  be  conformable  to  the  second  law  01  motion. 

You  wiU  not  forget  that,  if  a  body  move  in  a  curve,  the  coiv- 
Unued  action  of  external  force  must  be  inferred ;  if  that  action 
were  to  cease  at  any  point,  the  body  would  continue  its  motion  in 
a  straight  line,  touching  the  curvilinear  path  in  that  point. 
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CONVERSATION  XIII. 

On  the  Ijaws  of  Motion, 

F.  If  you  reflect  a  little  upon  what  we  said  yesterday  on 
the  second  law  of  motion,  you  will  readily  deduce  the  following 
corollaries,  referring,  as  you  go  along,  to  the  last  diagram. 

1.  That,  if  the  forces  be  equal,  and  act  at  right  angles  to  one 
another,  the  line  described  by  the  ball  will  be  the  diagonal  of 
a  sguare.  But  in  all  other  cases  it  will  be  the  diagonal  of  a 
parallelogram  of  some  kind. 

2.  By  varying  the  angle  and  the  forces,  you  vary  the  form  of 
your  psuullelogram. 

C.  Yes,  papa ;  and  I  see  another  consequence,  viz.  that  the 
motions  of  two  forces  acting  conjointly  in  this  way  are  not  so 
great  as  when  they  act  separately. 

F,  That  is  true ;  and  you  are  led  to  the  conclusion,  I  sup- 
pose, from  the  recollection,  that  in  every  triangle  any  two  sides 
taken  together  are  greater  than  the  remaining  side ;  and  there- 
fore you  infer,  and  justly  too,  that  the  motions  which  the  ball 
A  must  have  received,  had  the  forces  been  applied  separately, 
would  have^been  equal  to  a  c  and  a  b,  or,  which  is  the  same 
thing,  to  A  c  and  c  d,  the  two  sides  of  the  triangle  ado;  but 
by  their  joint  action  the  motion  is  only  equal  to  a  d,  the  re- 
maining side  of  the  triangle. 

Hence,  then,  you  will  remember,  that  in  the  composition^  or 
adding  together  of  forces  (as  this  is  called),  motion  is  always 
lost :  and  in  the  resolution  of  any  one  force,  as  a  b,  into  two 
others,  a  c  and  a  b,  motion  is  gsuned. 

C.  Well,  papa,  but  how  is  it  that  the  heavenly  bodies,  the 
moon,  for  instance,  which  is  impelled  by  two  forces,  performs 
her  motion  in  a  circular  curve  or  oval,  round  the  earth,  and  not  in 
a  diagonal  between  the  direction  of  the  projectile  force  and  that 
of  the  attraction  of  gravity  to  the  earth  ? 

F,  Because,  in  the  case  just  mentioned,  there  was  only  the 
action  of  a  single  impulse  in  each  direction,  whereas  the  action 
of  gravity  on  flie  moon  is  continual,  and  causes  an  accelerated 
motion,  and  hence  the  line  is  a  curve. 

C,  Supposing,  then,  that  a  represent  the  moon,  and  a  c  the 
sixteen  feet  through  which  it  would  fall  in  a  minute  by  the  at- 
traction of  gravity  towards  the  earth,  and  a  b  represent  the 
projectile  force  acting  upon  it  for  the  same  time.  If  a  b  and 
A  c  acted  as  single  impulses,  the  moon  would  in  that  case  de- 
scribe the  diagonal  a  d;  but  since  these  forces  are  constantly 
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acting,  and  that  of  gravity  is  an  accelerating  force  also,  instead 
of  the  strught  line  a  d,  the  moon  will  be  drawn  into  the  curve 
line  A  a  B.     Do  I  understand  the  matter  right  ? 

F.  You  do ;  and  hence  you  easily  comprehend  how,  by  good 
instruments  and  calculation,  the  attraction  of  the  earth  upon  the 
moon  was  discovered. 

The  third  law  of  motion,  viz.  that  action  and  reaction  are  equal 
and  in  contrary  directions,  may  be  illustrated  by  the  motion 
communicated  by  the  percussion  of  elastic  and  non-elastic  bodies. 

£,  What  are  these,  papa  P 

F,  Mastic  bodies  are  those  which  have  a  certain  spring,  or 
power  of  self-recovery,  by  which  their  parts,  upon  being  pressed 
inwards,  by  percussion,  return  to  their  former  state;  this  pro- 
perty is  evident  in  a  ball  of  wool  or  cotton,  or  in  sponge  com- 
pleted, and  especially  in  caoutchouc  or  steel  springs.  Non- 
elastic  bodies  are  those  which  do  not  rebound  when  one  strikes 
the  other,  but  move  together  after  the  stroke. 

Suspend  two  eqtml  ivory  balls  a  and  b  by  threads ;  if  a  is 
drawn  a  little  out  of  the  perpendicular,  and  allowed  to  £dl  upon 
bf  it  will  lose  its  motion  by  communicating  it  to 
6,  which  will  be  driven  to  a  distance  c,  equal  to 
that  through  which  a  fell ;  and  hence  it  appears 
that  the  reaction  of  b  was  equal  to  the  action  of 
a  upon  it. 

£.  But  do  the  parts  of  the  ivory  balls  yield 
by  the  stroke,  or,  as  you  call  it,  by  percussion  ? 

F.  They  do  ;  for  if  I  lay  a  little  paint  on  a, 
and  let  it  gendy  touch  b,  the  former  will  make 
but  a  very  small  speck  upcHi  the  latter :  but  if  a 
/aU  upon  b,  the  speck  will  be  much  larger; 
which  proves  that  the  balls  are  elastic,  and  that 
a  little  hollow,  or  dent,  was  made  in  each  by  collision.  If  now 
two  equal  soft  balls  of  clay,  or  glazier's  putty,  which  are  non- 
elastic,  meet  each  other  ifvith  equal  velocities,  they  would  stop 
and  stick  together  at  the  place  of  their  meeting,  as  their  mutual 
actions  destroy  each  other,  and  they  have  no  spring  or  elasticity 
which  will  restore  them  to  their  original  form. 

C,  I  have  sometimes  shot  my  white  alley  against  another 
marble  with  such  precision,  that  the  marble  has  gone  off  as 
swiftly  as  the  alley  which  approached  it,  but  the  alley  remained 
motionless  in  the  place  of  the  marble,  because  the  former  in  strik- 
ing the  latter  receives  in  return  an  equal  blow  which  destroyed  its 
own  motion.     Are  marbles,  therefore,  as  well  as  ivory,  elastic? 

F.  Yes ;  but  neither  of  them  are  perfectly  elastic. — If  three 
elastic  balls,  a,  b,  c,  be  hung  from  the  adjoining  centres,  and  c  be 
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drawn  a  little  out  of  the  ■penwndicular,  and  lei  fall  upon  b,  then 
will  c  and  b  become  stationary,  and  a  will  be 
driven  to  o,  the  distance  through  which  e 
fell  upon  6. 

If  jau  hang  anj  number  of  balU,  as  six, 

eight,  &c.,  so  as  to  touch  each  other,  and  if 

you  draw  the  outside  one  away  to  a  little 

distance,  and  then  let  it  fall  upon  the  others, 

the  impulse  will  be  communicated  through 

all  the  balls  to  the  last  which  will  be  driyen 

off,  while  the  rest  remain  stationary,  so  equal 

is  the  action  and  reaction  of  the  stationary 

balls  divided   among   tiiem.      In   the   same 

"■  manner,  if  two  are  drawn  aside,  and  suffered 

Elg-  IS.  to  tiUl  on  the  rest,  the  opposite  two  will  fly 

off,  and  the  others  remain  stationary. 

Hiere  is  one  other  circumstance  depending  upon  the  action 
and  reaction  of  bodies,  and  also  upon  the  via  ineTtia  of  matter, 
worth  noticmg :  by  some  authors  you  will  find  it  lai^y  treated 

If  I  strike  a  blacksmith's  anvil  with  a  hammer,  action  and 
reaction  being  equal,  the  anvil  strikes  the  hamiDer  as  forcibly  as 
the  hammer  strikes  tiie  anvil. 

If  the  anvil  be  large  enough,  I  might,  being  a  powcrliil  man, 
lay  it  on  my  breast,  and  suffer  you  to  strike  it  with  a  sledge 
hammer  with  all  your  strength,  without  pain  or  risk ;  for  the  vit 
ineriiceof  the  anvil  resists  the  force  of  the  blow,  without  acquiring 
any  perceptible  velocity ;  moreover  when  struck  with  the  whole 
force  of  the  hammer,  its  velocity  (like  a  cannon  discharging  a 
shot),  will  be  so  much  less  than  that  of  the  hammer  as  its  mass  is 
lai^r.  But  if  the  anvil  were  but  a  pound  or  two  in  weight,  your 
blow  would  probably  kill  me.  Vopiscus,  in  bis  narrative  of  the 
life  of  Firmus,  who  was  eiecuted  by  the  Emperor  Aurelian  for 
his  attachment  to  the  cause  of  Queen  Zenobia  in  the  3rd  century, 
states  that  he  was  so  powerftd  that  iron  could  be  forged  on  an 
anvil  supported  on  his  breast. 

E.  Is  it  owing  to  this  principle,  that  whoi  a  cannon  on  wheels 
is  fired,  it  runs  backward  ? 

F.  It  is :  for  (he  action  of  the  powder  produces  as  great  b 
quantity  of  momentum  in  the  gun,  as  in  the  ball,  but  their 
motions  are  contrary ;  the  bail  moves  forward  and  the  cannon 
backward,  and  the  cannon  slower  in  proportion  as  its  mass  and 
wdgfat  we  much  greater. 
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CONVERSATION  XIV.  • 

On  the  Mechanical  Powers, 

C  Will  you  now,  papa,  explain  the  mechanical  powers  ? 

F.  I  will,  and  I  hope  you  have  not  forgotten  what  the  mO' 
mentum  of  a  body  is  ? 

C.  No ;  it  is  the  force  of  a  moving  body,  which  force  is  esti- 
mated by  the  weight,  multiplied  into  its  velocity. 

E".  Then  a  small  body  may  have  an  equal  momentum  with  one 
mach  larger  ? 

C,  Yes,  provided  the  smaller  body  moves  as  much  more  swiftly 
than  the  larger  one,,  as  the  weight  of  the  latter  is  greater  than  that 
of  the  former. 

jP.  What  do  you  mean  when  you  say  that  one  body  moves  more 
swiftly,  or  has  greater  velocity  than  another  ? 

C.  That  it  passes  over  a  greater  space  in  the  same  time.  Your 
watch  will  explain  my  meaning :  the  minute-hand  travels  round 
the  dial-plate  in  an  hour,  but  the  hour-hand  takes  twelve  hours  to 
perform  its  course,  consequently  the  velocity  of  the  minute-hand  is 
twelve  times  greater  than  that  of  the  hour-hand  ;  because,  in  the 
same  time,  viz.  twelve  hours,  it  travels  twelve  times  the  space  that 
18  gone  through  by  the  houivhand. 

F.  But  this  can  be  only  true  on  the  supposition  that  the  two 
circles  are  equal.  In  my  watch,  the  minute-hand  is  longer  than  the 
other,  and,  consequently,  the  circle  described  by  it  is  larger  than 
that  described  by  the  hour-hand. 

C.  I  see  at  once,  that  my  reasoning  holds  good  only  in  the  case 
where  the  hands  are  equal. 

J*.  There  is,  however,  a  particular  point  of  the  longer  hand,  of 
iddch  it  may  be  S£ud,  with  the  strictest  truth,  that  it  has  exactly 
twelve  times  the  velocity  of  the  extremity  of  the  shorter. 

C.  That  is  the  point,  at  which,  if  the  remainder  were  cut  oflP,  the 
two  hands  would  be  equal.  And,  in  fact,  every  different  point  of 
the  hand  describes  difierent  spaces  in  the  same  time. 

F,  The  little  pivot  on  which  the  two  hands  seem  to  move  (for 
they  are  really  moved  by  different  pivots,  one  within  another)  may 
be  called  the  centre  of  motion,  which  is  a  fixed  point ;  and  the 
loiu^r  the  hand  is,  the  greater  is  the  space  described. 

C,  The  extremities  of  the  vanes  of  a  windmill,  when  they  are 
going  very  fast,  are  scarcely  distinguishable,  though  the  other 
parts,  nearer  the  mill,  are  easily  discerned  ;  this  is  owing  to  the 
velocity  of  the  extremities  being  so  much  greater  than  that  of  the 
other  parts. 
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E,  Did  not  the  swiftness  of  the  round-abouts,  which  we  saw  at 
the  fair,  depend  on  the  same  principle,  viz,  the  length  of  the  poles 
upon  whicm  the  seats  were  fixed  ? 

F,  Yes ;  the  greater  the  distance  at  which  these  seats  were 
placed  from  the  centre  of  motion,  the  greater  was  the  space  which 
the  little  boys  and  girls  travelled  for  their  half-penny. 

E.  Then  those  in  the  second  row  had  a  shorter  ride  for  their 
money  than  those  at  the  end  of  the  poles  ? 

F,  Yes,  shorter  as  to  space,  but  the  same  as  to  time.  In  the 
same  way,  when  you  and  Charles  go  round  the  gravel-walk  for 
half-an-hour*s  exercise,  if  he  runs  while  you  walk,  he  will  perhaps 
go  six  or  eight  times  round  in  the  same  time  that  you  are  walking 
three  or  four  :  now,  as  to  time,  your  exercise  has  been  equal,  but 
he  will  have  passed  over  double  the  space  in  the  same  time. 

(7.  How  does  this  apply  to  the  explanation  of  the  mechamcal 
powers? 

F,  You  will  find  the  application  very  easy : — without  clear 
ideas  of  what  is  meant  by  time  and  space^  you  cannot  comprehend 
theprinciples  of  mechanics. 

Tnere  are  six  mechanical  powers:  the  lever ,  the  wheel  and 
axh,  the  cord  and  pidley,  the  inclined  plane,  the  wedge,  and  the 
screw, 

E,  Why  are  they  called  mechanical  powers  ? 

F.  Because,  by  their  means,  we  are  enabled  mechanically  to 
raise  weights,  move  heavy  bodies,  and  overcome  resistances,  wluch, 
without  their  assistance,  could  not  be  done. 

C,  But  is  there  no  limit  to  the.  assistance  guned  by  these 
powers?  for  I  remember  reading  of  Archimedes,  who  said,  that 
with  a  place  for  his  fulcrum  he  could  move  the  earth  itself. 

F,  Human  power,  with  all  the  assistance  which  art  can  give,  is 
very  limited,  and  upon  this  principle,  that  what  we  gain  in  power, 
we  lose  in  time.  That  is,  if,  by  your  own  unassisted  strength, 
you  are  able  to  raise  fifty  pounds  to  a  certain  distance  in  one 
minute,  and  if,  by  the  help  of  machinery,  you  wish  to  raise  600 
pounds  to  the  same  height,  you  will  require  ten  minutes  to  perform 
It  in :  thus  you  increase  your  power  ten-fold,  but  it  is  at  the  ex- 
pense of  time.  Or,  in  other  words,  you  are  enabled  to  do  that 
with  one  effort  in  ten  minutes,  which  you  could  have  done  in  ten 
separate  efforts  in  the  same  time. 

E,  Then  it  appears  that  besides  a  place  for  his  fulcrum,  ArcU- 
medes  would  have  required  time ;  yes,  and  a  great  deal  of  time, 
would  he  not  ? 

F,  Yes,  dear ;  I  once  made  a  calculation  pf  the  number  of  years 
he  would  require  to  move  the  earth  an  inch :  a  great  mass  of 
figures  was  necessary  to  express  the  time. 
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E.  Then  there  is  no  real  gain  of  force  acquired  by  the  me- 
chanical powers  ? 

F,  Though  there  be  not  any  actual  increase  of  force  gained  by 
these  powers,  yet  the  advantages  which  men  derive  from  them  are 
inestimable.  If  there  are  several  small  weights,  manageable  by 
human  strength,  to  be  raised  to  a  certain  height,  it  may  be  fully 
as  convenient  to  elevate  them  one  by  one,  as  to  take  the  advan- 
tage of  the  mechanical  powers  in  raising  them  all  at  once.  Be* 
cause,  as  we  have  shown,  the  same  time  will  be  necessary  in 
both  cases.  But  suppose  you  have  a  large  block  of  stone  of  a 
ton  weight  to  carry  away,  or  a  weight  still  greater,  what  is  to 
be  done  ? 

E,  I  did  not  think  of  that. 

F.  Bodies  of  this  kind  cannot  be  separated  into  parts  propor- 
ticmable  to  the  human  strength  without  immense  labour,  nor,  per- 
haps, without  rendering  them  unfit  for  those  purposes  to  wnich 
they  are  to  be  applied.  Hence,  then,  you  perceive  the  great  im- 
portance of  the  mechanical  powers,  and  of  their  combinations,  by 
the  use  of  which  a  man  is  able  with  ease  to  manage  a  weight 
many  times  greater  than  himself. 

C  I  have,  indeed,  seen  a  few  men,  by  means  of  pulleys,  and 
apparently  with  no  very  great  exertion,  raise  an  enormous  oak  tree 
into  a  timber-carriage,  in  order  to  convey  it  to  the  dockyard. 

F.  A  very  excellent  instance ;  for  if  the  tree  had  been  cut  into 
pieces  that  could  have  been  lifted  by  the  natural  strength  of  these 
men,  it  would  not  have  been  worth  carrying  to  Deptford  or  Chat- 
ham for  the  purpose  of  ship-building. 

E,  But  wnat  is  a  ^crum  ? 

F,  It  is  9i  fixed  'point ^  or  prop,  round  which  the  other  parts  of 
a  machine  move. 

C.  Is  the  pivot  upon  which  the  hands  of  your  watch  move  a 
fulcrum  then  ? 

F.  It  is ;  and  you  remember  we  called  it  also  the  centre  of 
motion ;  the  rivet  of  these  scissors  is  also  a  fulcrum,  and  also  the 
centre  of  motion. 

E,  1m  that  a  fixed  prop  or  point  ? 

F,  Certainly  it  is  a  fixed  point,  as  regards  the  two  parts  of  the 
sdssors  ;  for  the  rivet  always  remains  in  the  same  position,  while 
the  other  parts  move  about.  Take  the  poker  and  stir  the  fire : — 
now  that  part  of  the  bar  on  which  the  poker  rests  is  a  iulcrum,  for 
tiie  poker  moves  upon  it  as  a  centre. 
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CONVERSATION  XV. 

Of  the  Lever. 

F.  We  will  now  consider  the  Lever,  which  is  generally  called 
the  first  mechanical  power. 

The  lever  is  an  inflexible  bar  of  wood,  iron,  &c.,  which  serves 
to  raise  weights,  while  it  is  supported  at  the  point  by  a  prop  or 
fiilcrum,  on  which,  as  the  centre  of  motion,  all  the  other  parts 
turn.  A  B  will  represent  a  lever,  and  the  point  c  the  fulcrum  or 
centre  of  motion.      Now  it  is  evident,  if  the  lever  turn  on  its 

centre  of  motion  c,  so  that  a  comes 
into  the  position  a,  b  at  the  same 
time  must  come  into  the  position  h. 
If  both  the  arms  of  the  lever  be 
equal,  that  is,  if  a  c  is  equal  to  b  c, 
there  is  no  advantage  gained  by  it, 
for  they  pass  over  equal  spaces  in 
Fig.  1*.  the   same   time  ;    and,  according  to 

the  fundamental  principles  already  laid  down  (p  38),  "as  ad- 
vantage or  power  is  gained,  time  must  be  lost;*'  therefore,  no 
time  being  lost  by  a  lever  of  this  kind,  there  can  be  no  power 
gained. 

C.  Why  then  is  it  called  a  mechanical  power  ? 
E,  Strictly  speaking,  perhaps  it  ought  not  to  be  numbered  as 
one.  But  it  is  usually  reckoned  among  them,  having  the  fulcrum 
between  the  weight  and  the  power,  which  is  the  distinguishing 
property  of  levers  of  the  first  kind.  And,  when  the  fulcrum  is 
exactly  the  middle  point  between  the  weight  and  power,  it  is  the 
common  balance :  to  which,  if  scales  be  suspended  at  a  and  b,  it 
is  fitted  for  weighing  all  sorts  of  commodities. 

E.  You  say  it  is  a  lever  of  the  first  kind ;  are  there  several 
kinds  of  levers  ? 

F.  There  are  three;  some  persons  reckon  four;  the  fourth, 
however,  is  but  a  bended  one  of  the  first  kind.  A  lever  of  the 
first  kind  (fig.  18.)  has  the  fulcrum  between  the  weight  and 
power. 
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The  second  kind  of  lever  (^g,  20)  has  the  weight  between  the 
fblcnim  and  the  power. 
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Fig.  20. 


Fig.  21. 


In  the  third  kind  (fig,  21.)  the  power  is  between  the  fulcrum 
and  the  weight. 

Let  us  take  the  lever  of  the  first  kind  (fig.  18.),  if  this  is  moved 
into  the  position  a  b,  by  turning  on  its  fulcrum,  c,  it  is  evident, 
that  while  a  has  travelled  over  the  short  space  a  a,  b  has  travelled 
over  the  greater  space  b  6,  which  spaces  are  to  one  another  exactly 
in  proportion  to  the  length  of  the  arms  a  c  and  b  c.  If  you  now 
apply  your  hand  first  to  the  point  a,  and  afterwards  to  b,  in  order 
to  move  the  lever  into  the  position  a  b,  using  the  same  velocity  in 
both  cases,  you  will  find,  that  the  time  spent  in  moving  the  lever 
when  the  hand  is  at  b,  will  be  as  much  greater  than  that  occupied 
when  the  hand  is  at  a,  and  the  arm  b  c  is  longer  than  the  arm  a  c  ; 
bat  then  the  exertion  required  will,  in  the  same  proportion,  be 
less  at  B  than  a. 

(7.  The  arm  b  c  appears  to  be  four  times  the  length  of  a  c. 

F.  Then  it  is  a  lever  which  gains  power  in  the  proportion  of 
four  to  one.  That  is  to  say,  a  single  pound  weight  applied  to  the 
end  of  the  arm  b  c,  at  p,  will  balance  four  pounds  w,  suspended 
at  A. 

C.  I  have  seen  workmen  move  large  pieces  of  timber  to  very 
small  distances,  by  means  of  a  long  bar  of  wood  or  iron ;  is  that  a 
lever? 

I*,  It  is  ;  they  force  one  end  of  the  bar  under  the  timber,  and 
then  place  a  block  of  wood,  stone  &c.  beneath,  and  as  near  the 
same  end  of  the  lever  as  possible,  for  a  fulcrum,  applying  their 
own  strength  to  the  other  ;  and  power  is  gained  in  proportion  as  the 
distance  from  the  fulcrum  to  the  part  where  the  men  apply  their 
strength,  is  greater  than  the  distance  from  the  fulcrum  to  that  end 
under  the  timber.  Handspikes  are  levers  of  this  kind,  and  by  these 
the  heaviest  cannon  are  moved. 

C,  The  power  gidned  must  be  very  considerable,  for  I  have  seen 
two  or  three  men  move  a  tree  of  several  tons  weight  in  this  way. 
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F.  That  is  not  difficult ;  for  supposing  a  lever  to  gdn  the  advan- 
tage of  twenty  to  one,  and  a  man  by  his  natural  strength  is  able 
to  move  but  a  hundred-weight,  he  will  find  that  by  a  lever  of  this 
sort  he  can  move  twenty  hundred-weight,  or  a  ton ;  but  for  single 
exertions,  a  strong  man  can  put  forth  much  greater  power  than  is 
sufficient  to  move  a  hundred-weight ;  and  levers  are  also  frequently 
used,  by  which  the  advantage  gained  is  still  more  considerable  than 
twenty  to  one. 

There  is  another  method  of  moving,  and  even  of  uprooting 
trees,  by  means  of  a  lever  of  the  first  kind.  A  strong  scant- 
ling of  timber,  fixed  perpendicularly  to  the  axle  of  a  pair  of 
cart-wheels,  is  strapped  firmly  to  the  tree  ;  and  when  the  lateral 
roots  are  cut  by  digging  a  trench  round  it,  the  tap  root  or  roots 
are  easily  torn  up  by  a  team  of  two  or  three  horses ;  for  the  tree 
itself  becomes  the  lever,  and  the  axle  of  the  wheels  its  fulcrum. 

C,  I  think  you  said,  the  other  day,  that  the  common  steelyard, 
made  use  of  by  the  butcher,  is  a  lever  ? 

F.  I  did ;  the  short  arm  a  c  (see  figs.  18  and  19)  is,  by  an 
increase  in  size,  made  to  balance  the  longer  one  b  g,  and  from 
c,  the  centre  of  motion,  the  divisions  must  commence.  Now  if 
B  c  be  divided  into  as  many  parts  as  it  will  contain,  each  equal 
to  A  c,  a  single  weight,  as  a  pound,  p,  will  serve  for  weighing 
anything  as  heavy  as  itself,  or  as  many  times  heavier  as  there 
are  divisions  in  the  arm  c.  If  the  weight  p  be  placed  at  the  divi- 
sion 1,  in  the  arm  b  c,  it  will  balance  one  pound  in  the  scale 
at  A ;  if  it  be  removed  to  3,  5,  or  7,  it  will  balance  3,  6,  or  7 
pounds  in  the  scale ;  for  these  divisions  being  respectively  3,  5, 
or  7  times  the  distance  from  the  centre  of  motion,  c,  that  a  is, 
it  becomes  a  lever,  which  gains  advantage  at  those  points,  in  the 
proportion  of  3,  5,  7.  If  now  the  intervals  between  the  divisions 
on  the  longer  arm  be  subdivided  into  halves,  quarters,  &c.,  any 
weight  may  be  accurately  ascertained,  to  halves,  quarters  of 
pounds,  &c. 


CONVERSATION  XVI. 

Of  the  Lever. 

E,  What  advantage  has  the  steelyard,  which  you  described  in 
our  last  Conversation,  over  a  pair  of  scales  ? 

F,  It  may  be  much  more  readily  removed  from  place  to  place ; 
it  requires  no  apparatus,  and  only  a  single  weight  for  all  the  pur- 
poses to  which  it  can  be  applied.  Sometimes  the  arms  are  not  of 
equal  weight ;  in  that  case  the  weight  p  must  be  moved  alone  the 
arm  b  c,  till  it  exactly  balance  the  other  arm  without  a  weight ; 
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and  in  that  point  a  notch  must  be  made,  marking  over  it  a  cipher, 
0,  finom  whence  the  divisions  must  commence. 

C7.  Is  not  great  accuracy  required  in  the  manufacture  of  instru- 
ments of  this  kind  ? 

F,  Yes ;  it  is  of  such  importance  to  the  public  that  there  should 
be  no  error  or  fraud  by  means  of  false  weights,  or  Mse  balances, 
that  certain  public  officers  are  appointed  to  examine  at  stated 
seasons  the  weights,  measures,  &ic.,  of  every  shopkeeper  in  the 
land.  Yet  it  is  to  be  feared,  that,  after  all  precautions,  much  fraud 
is  practised  upon  the  unsuspecting. 

E.  I  one  day  last  summer  bought,  as  I  supposed,  a  pound 
of  cherries  at  die  door ;  but  Charles  thinking  there  was  not  a 
pound,  we  tried  them  in  our  scales,  and  found  but  twelve  ounces, 
or  three  quarters,  instead  of  a  pound,  and  yet  the  scale  went 
down  as  if  the  man  had  given  me  full  weight.  How  was  that 
managed? 

F,  It  might  be  done  in  many  ways :  by  short  weights ;  or  by  the 
scale  in  which  the  fruit  was  put  being  heavier  than  the  other  ; — 
bat  fraud  may  be  practised  with  honest  weights  and  scales  by 
making  the  arm  of  the  balance  on  which  the  weight  hangs  shorter 
than  the  other,  for  then  a  pound  weight  will  be  balanced  by  less 
fruit  than  a  pound :  this  was  probably  the  method  by  which  you 
were  cheated. 

E,  By  what  method  could  I  have  discovered  this  cheat  ? 

F,  The  scales  when  empty  are  exactly  balanced,  but  when 
loaded,  though  still  in  equilibrio,  the  weights  are  unequal,  and 
the  deceit  is  instantiy  discovered  by  changing  the  weights  to  the 
eoatnry  scales.  I  will  give  you  a  rule  to  find  the  true  weight 
of  any  body  by  such  a  false  balance ;  the  reason  of  the  rule  you 
will  understand  hereafter :  "  Find  the  weights  of  the  body  by 
loth  scales f  multiply  them  together,  and  then  find  the  square  root 
of  the  product,  which  is  tJie  true  weight,^' 

C,  Let  me  see  if  I  understand  the  rule:  suppose  a  body 
weigh  16  ounces  in  one  scale,  and  in  the  other  12  ounces  and  a 
quarter,  I  multiply  16  by  12  and  a  quarter,  and  I  get  the  pro* 
duct,  196,  tiie  square  root  of  which  is  14  :  for  14  multiplied  into 
itself  gives  196  ;  therefore  the  true  weight  of  the  body  is  14 
ounces. 

F,  That  is  just  what  I  meant ;  but  let  me  proceed. — ^To  the 
lever  of  the  first  kind  may  be  referred  many  common  instruments, 
such  as  scissors,  pincers,  snuffers,  &c.,  which  are  made  by  two 
levers,  acting  contrary  to  one  another. 

E,  The  rivet  is  the  fulcrum,  or  centre  of  motion,  the  hand  the 
power  used,  and  whatever  is  to  be  cut  is  the  resistance  to  be 
overoome. 
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C.  A  poker  stirring  the  fire  is  also,  as  you  hinted  yesterday,  a 
lever ;  for  the  bar  is  the  fulcrum,  the  hand  the  power,  and  Uie 
coals  the  resistance  to  be  overcome,  a  pump-handle  or  a  crowbar 
used  to  loosen  the  paving  stones  are  all  examples  of  ^  lever  of  the 
first  kind. 

F,  We  now  proceed  to  levers  of  the  second  kind,  in  which  the 
fiilcrum  c  (ja!g,  20)  is  At  one  end,  the  power  p  applied  at  the  other 
B,  and  the  weight  to  be  raised  w,  somewhere  between  the  fiilcrum 
and  the  power. 

C  And  how  is  the  advantage  gained  to  be  estimated  in  this 
lever  ? 

F,  By  looking  at  the  figure,  you  will  find  that  power  or  advan- 
tage is  gained  in  proportion  as  the  distance  b,  the  point  at  which 
the  power  p  acts,  is  greater  than  the  distance  of  the  weight  w 
from  the  fulcrum. 

C.  Then  if  the  weight  hang  at  one  inch  from  the  fulcrum,  and 
the  power  acts  at  ^Ye  inches  from  it,  the  power  gained  is  ^yq  to 
one,  or  one  pound  at  p  will  balance  five  at  w  ? 

F.  It  will ;  for  you  perceive  that  the  power  passes  over  five 
times  as  great  a  'space  as  the  weight,  or  while  the  point  a  in 
the  lever  moves  over  one  inch,  the  point  b  will  move  over  five 
inches. 

E.  What  things  in  common  use  are  to  be  referred  to  the  lever 
of  the  second  kind  ? 

F.  The  most  common  and  useful  of  all  things :  every  door,  for 
instance,  which  turns  on  hinges  is  a  lever  of  this  sort.  The  hinges 
may  be  considered  as  the  fulcrum  or  centre  of  motion,  the  whole 
door  is  the  weight  to  be  moved,  and  the  power  is  applied  to  that 
side  on  which  the  lock  is  usually  fixed. 

E,  Now  I  see  the  reason  why  there  is  considerable  difficulty  in 
pushing  open  a  heavy  door,  if  the  hand  is  applied  to  the  part  next 
the  hinges,  although  it  may  be  opened  with  the  greatest  ease  in 
the  usual  method. 

C.  This  sofa,  with  my  sister  upon  it,  represents  a  lever  of  the 
second  kind  ? 

F.  Certainly;  if,  while  she  is  sitting  upon  it  in  the  middle, 
you  raise  one  end  while  the  other  remains  fixed  as  a  prop  or 
fulcrum.  To  this  kind  of  lever  also  belong  nut-crackers  ;  oars  ; 
rudders  of  ships  ;  and  those  cutting-knives  which  have  one  end 
fixed  in  a  block,  for  cutting  chaff',  drugs,  wood  for  pattens,  &c 

E,  I  do  not  see  how  oars  and  rudders  are  levers  of  this 
sort. 

F.  The  boat  is  the  weight  to  be  moved,  the  water  is  the  fiil- 
crum, and  the  waterman  at  the  handle  the  power.  The  masts  of 
ships  are  also  levers  of  the  second  kind,  for  the  bottom  of  the 
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vessel  is  the  fulcrum,  the  ship  the  weight,  and  the  wind  acting 
against  the  sail  is  the  moving  power. 

The  knowledge  of  this  principle  may  be  useful  in  many  situa- 
ticms  and  circumstances  of  life : — if  two  men  unequal  in  strength 
have  a  heavy  burden  to  carry  on  a  pole  between  them,  the  ability 
of  each  may  be  consulted  by  pacing  the  burden  as  mucn 
nearer  to  the  stronger  man  as  his  strength  is  greater  than  that  of 
his  partner. 

E.  Which  would  you  call  the  prop  in  this  case  ? 

F.  The  stronger  man,  for  the  weight  is  nearest  to  him,  and 
then  the  weaker  must  be  considered  as  the  power.  Again,  two 
horses  may  be  so  yoked  to  a  carriage  that  each  shall  draw  a 
part  proportioned  to  his  strength,  by  dividing  the  beam  in  such 
a  manner,  that  the  point  of  traction,  or  drawing,  may  be  as 
much  nearer  to  the  stronger  horse  than  to  the  weaker,  as  the 
strength  of  the  former  exceeds  that  of  the  latter. 

The  principle  of  the  wheelbarrow  may  be  referred  to  a  lever  of 
the  second  kind.  The  fulcrum  c  (fig.  20)  may  be  considered  as  the 
wheel,  w  the  load,  and  b  the  place  where  the  hands  are  applied  ; 
hence  a  man  is  enabled  to  orive  or  drag  a  much  heavier  load 
than  he  could  carry,  because  his  power  at  b  is  applied  farther 
from  the  centre  of  motion  c  than  the  weight  w. 

We  will  now  describe  the  third  kind  of  lever.  In  this  the 
prop  or  fulcrum  c  (as  in  fig.  21)  is  at  one  end,  the  weight  w  at 
the  other,  and  the  power  p  is  applied  at  b,  somewhere  between 
the  prop  and  weight. 

C,  In  this  case,  the  weight,  being  farther  from  the  centre  of 
motion  than  the  power,  must  pass  through  more  space  than  it. 

F,  And  what  is  the  consequence  of  that  ? 

(7.  That  the  power  must  be  greater  than  the  weight,  and  as 
much  greater  as  the  distance  of  the  weight  from  the  prop  exceeds 
the  distance  of  the  power  from  it ;  that  is  to  say,  to  balance  a 
weight  of  three  pounds  at  a,  there  will  be  required  the  exertion 
of  a  power  p,  acting  at  b,  equal  to  five  pounds. 

F,  Since  then  a  lever  of  this  kind  is  a  disadvantage  to  the 
moving  power,  it  is  but  seldom  used,  and  only  in  cases  of  ne- 
cessity ;  such  as  in  that  of  a  ladder,  which,  being  fixed  at  one  end 
against  a  wall  or  other  obstacle,  is,  by  the  strength  of  a  man's 
arm,  raised  into  a  perpendicular  or  vertical  position.  But  the 
most  important  application  of  this  third  kind  of  lever  is  manifest 
in  the  structure  of  the  limbs  of  animals,  particularly  in  those  of 
man ;  to  take  the  arm  as  an  instance  ;  when  we  lift  a  weight  by 
the  hand,  it  is  eflected  by  means  of  muscles  coming  from  the 
shoulder-blade,  and  terminating  about  one-tenth  as  far  below 
the  elbow  as  the  hand  is :  now  the  elbow  being  the  centre  of 
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motion  round  which  the  lower  parts  of  the  arm  turn,  according 
to  the  principle  just  laid  down,  the  muscles  must  exert  a  force 
ten  times  as  great  as  the  weight  that  is  raised.  At  first  view 
this  may  appear  a  disadvantage,  and  indeed  this  lever  is  sometimes 
called  the  losing  lever ;  but  what  is  lost  in  power  is  gained  in  velo- 
city, and  thus  the  human  figure  is  better  adapted  to  the  various 
functions  it  has  to  perform. 


CONVERSATION  XVIT. 

Of  the  Wheel  and  Axle. 

F,  Well,  Emma,  do  vou  understand  the  principle  of  the 
lever,  which  we  discussed  so  much  at  large  yesterday  r 

E,  The  lever  gains  advantage  in  proportion  to  the  space 
passed  through  by  the  acting  power ;  that  is,  if  the  weight  to  be 
raised  be  at  the  distance  of  one  inch  from  the  fulcrum,  and  the 
power  is  applied  nine  inches  distant  from  it,  then  it  is  a  lever 
which  gains  advantage  as  9  to  I,  because  the  space  passed 
through  by  the  power  is  nine  times  greater  than  that  passed 
through  by  the  weight ;  and,  therefore,  what  is  lost  in  time  by 
passing  through  a  greater  space,  is  gained  in  power. 

F.  You  recollect  also  the  nature  of  the  different  kinds  of  levers, 
I  hope. 

E,  I  shall  never  see  the  fire  stirred  without  thinking  of  a 
simple  lever  of  the  first  kind ;  my  scissors  will  frequently  remind 
me  of  a  combination  of  two  levers  of  the  same  sort.  The  opening 
and  shutting  of  the  door  will  prevent  me  from  forgetting  the 
nature  of  the  lever  of  the  second  kind :  and  I  am  sure,  that  I  shall 
never  see  a  workman  raise  a  ladder  against  a  house  without  recol- 
lecting the  third  sort  of  lever.  Besides,  I  believe  a  pair  of  tongs 
is  a  lever  of  this  kind. 

F,  You  are  right ;  for  the  fulcrum  is  at  the  joint,  and  the 
power  is  applied  between  that  and  the  parts  used  in  taking  up 
coals,  &c. — Can  you,  Charles,  tell  us  how  the  principle  of 
momentum  applies  to  the  lever  ? 

C  The  momentum  of  a  body  is  estimated  by  its  weight,  mul- 
tiplied into  its  velocity,  arid  the  velocity  must  be  calculated  by 
the  space  passed  through  in  a  given  time.  Now,  if  I  examine 
the  lever  (see  figs.  17  and  18)  and  consider  it  as  an  inflexible 
bar,  turning  on  a  centre  of  motion,  it  is  evident  that  the  same 
time  is  used  for  the  motion  both  of  the  weight  and  the  power, 
but  the  spaces  passed  over  are  very  different ;  that  which  the 
power  passes  through  being  as  much  greater  than  that  passed 
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by  the  weight,  as  the  length  of  the  distance  of  the  power  from 
the  prop  is  greater  than  the  distance  of  the  weight  from  the 
prop;  and  the  velocities,  being  as  the  spaces  passed  in  the 
same  time,  must  be  greater  in  the  same  proportion.  Conse- 
qaently  the  velocity  of  p,  the  power,  multiplied  into  its  weight, 
will  be  equal  to  the  smaller  velocity  of  w,  multiplied  into  its 
weight,  and  thus,  their  momenta  being  equal,  they  will  balance 
one  another. 

F.  This  applies  to  the  first  and  second  kind  of  lever ;  what  do 
you  say  to  the  third  ? 

C.  In  the  third,  the  velocity  of  the  power  p,  being  less  than 
that  of  the  weight  w,  it  is  evident,  in  order  that  their  momenta 
may  be  equal,  that  the  weight  acting  at  p  must  be  as  much  greater 
than  that  of  w,  as  a  c  is  less  than  b  c,  and  then  they  will  be  in 
equihbrio. 

F,  The  second  mecha- 
nical power  is  the  wheel 
and  axUy  which  gains 
power  in  proportion  as 
the  circumference  of  the 
wheel  is  greater  than  that 
of  the  axis ;  this  machine 
aiay  be  referred  to  the 
principle   of  the   lever.  Fig.  22. 

A  B  is  the  wheel,  q  d  its  axis :  and  if  the  circumference  of  the 
wheel  be  eight  times  as  great  as  that  of  the  axis,  then  a  single 
pound,  p,  will  balance  a  weight,  w,  of  eight  pounds. 

(7.  Is  it  by  an  instrument  of  this  kind  that  water  is  drawn  from 
those  deep  wells  so  common  in  many  parts  of  the  country  ? 

F,  It  is ;  but  as  in  most  cases  of  this  kind  only  a  single  bucket 
is  raised  at  once,  there  requires  but  little  power  in  the  operation, 
and  therefore  instead  of  a  large  wheel,  as  a  b,  an  iron  handle 
fixed  at  Q  is  made  use  of,  which,  you  know,  by  its  circular 
motion,  answers  the  purpose  of  a  wheel. 

C.  I  once  raised  some  water  by  a  machine  of  this  kind,  and  I 
found  that  as  the  bucket  ascended  nearer  the  top  the  difficulty 
increased. 

F,  That  must  always  be  the  case,  where  the  wells  are  so  deep 
as  to  cause,  in  the  ascent,  the  rope  to  coil  more  than  once  the 
length  of  the  axis,  because  the  advantage  gained  is  in  proportion 
as  the  circumference  of  the  wheel  is  greater  than  that  of  the 
axis;  so  that  if  the  circumference  of  the  wheel  be  12  times 
greater  than  that  of  the  axis,  one  pound  applied  at  the  former 
will  balance  12  hanging  at  the  latter ;  but  by  the  coiling  of  the 
rope  round  the  axis,  the  difference  between  the  circumference  of 
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the  wheel  and  that  of  the  axis  continually  diminishes;  conse- 
quently the  advantage  gained  is  less  every  time  a  new  coil  of 
rope  is  wound  on  the  whole  length  of  the  axis  :  this  explains  why 
the  difficulty  of  drawing  the  water  or  any  other  weight  increases 
as  it  ascends  nearer  the  top.  But  in  this  case,  as  in  that  of  the 
mere  lever,  what  you  lost  in  power,  you  gained  in  time ;  for, 
with  the  same  velocity  of  the  handle,  the  bucket  tos/q  faster  as  it 
arrived  at  the  top  of  its  course. 

C,  Then  by  diminishing  the  axis,  or  by  increasing  the  length 
of  the  handle,  advantage  is  gained  ? 

F.  Yes,  by  either  of  those  methods  we  may  gain  power ;  but 
it  is  very  evident  that  the  axis  cannot  be  diminished  beyond  a 
certain  limit,  without  rendering  it  too  weak  to  sustain  the 
weight ;  nor  can  the  handle  be  managed  if  it  be  constructed  on 
a  scale  much  larger  than  what  is  commonly  used. 

(7.  We  must  then  have  recourse  to  the  wheel  with  spikes  stand- 
ing out  of  it  at  certain  distances  from  each  other  to  serve  as 
levers. 

F.  You  may  by  this  means  increase  your  power  according  to 
your  wish,  but  it  must  be  at  the  expense  of  time,  for  you  know 
that  a  simple  handle  may  be  turned  several  times  while  you  are 
pulling  the  wheel  round  once. 

To  the  principle  of  the  loJieel  and  axle  may  be  referred  the  cap- 
stan, windlass,  and  all  those  numerous  kinds  of  cranes,  which  are 
to  be  seen  at  the  different  wharfs  on  the  banks  of  the  Thames. 

C  I  have  seen  a  crane  which  consists  of  a  wheel  large  enough 
for  a  man  to  walk  in. 

F,  In  this  the  weight  of  the  man,  or  men  (for  there  are  some- 
times two  or  three),  is  the  moving  power ;  for  as  the  man  steps 
forwards,  the  part  upon  which  he  treads  becomes  the  heaviest, 
and  consequently  descends  till  it  be  the  lowest.  On  the  same 
principle,  you  may  see  at  the  door  of  many  bird-cage  makers,  a 
bird,  by  its  weight,  give  a  wicker  cage  a  circular  motion ;  now 
if  there  were  a  small  weight  suspended  to  the  axis  of  the  cage,  the 
bird  by  its  motion  would  draw  it  up,  for  as  it  hops  from  the 
bottom  bar  to  the  next,  its  momentum  causes  that  to  descend, 
and  thus  the  operation  is  performed,  both  with  regard  to  the 
cage,  and  to  those  large  cranes  which  you  have  seen. 

The  wheel  of  the  tread-mill  is  analogous  to  this ;  differing  only 
in  the  men  being  on  instead  of  within  the  wheel :  the  long  wheel 
is  furnished  with  boards,  and  the  men  step  up,  and  up,  and  up, 
and  so  press  the  wheel  round. 

E,  Is  there  any  danger  if  the  man  happens  to  slip? 

F.  Yes,  if  the  weight  be  very  great,  a  slip  with  the  foot  may 
be   attended  with  very  dangerous  consequences.     To  prevent 
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which,  there  is  generally  fixed  at  one  end  of  the  axle  a  little 
wheel,  G  (see  fig.  22.),  called  a  ratchet-wheel ;  with  a  catch,  h, 
to  &11  into  its  teeth  ;  this  will  at  anj  time  support  the  weight 
n  case  of  an  accident.  Sometimes,  instead  of  men  walking  in 
the  great  wheel,  cogs  are  set  round  it  on  tho  outside,  and  a 
nmU  trundle-wheel  made  to  work  in  the  cogs,  and  to  be  turned 
bj  a  winch. 

C.  Are  there  not  other  sorts  of  cranes,  in  which  all  danger  is 
anrided? 

F.  The  crane  is  a  machine  of  such  importance  to  the  com- 
tnennal  concema  of  this  country,  that  new  inventions  of  it  are 
contiooally  offered  to  the  public  :  I  will,  when  we  go  to  the 
library,  show  you,  in  the  volumes  of  the  "  Transactions  of  the 
Society  for  the  Encouragement  of  Arts,"  &c.,  engravings  of 
^e  and  excellent  cranes. 

C,  You  said  that  this  mechanical  power  might  be  con^dered  as 
1  lever  of  the  first  kind. 

F.  I  did ;  and  if  you  conceive  the  wheel 
tod  axis  to  be  cut  through  the  middle  in  ** 

the  dbection  a  b,  f  o  b  will  represent  a 
Kction  of  it.  A  B  is  a  Sever,  whose  centre 
of  motion  is  c  ;  tho  weight  w,sustained  by 
the  rope  &w,  is  applied  at  the  distance 
c  A,  the  radius  of  the  aiis ;  and  the  power 
r,  acting  in  the  direc^on  b  p,  is  applied  at 
the  distance  c  b,  the  radius  of  the  wheel ; 
therefore,  according  to  the  principle  of  the 
lever,  the  power  will  balance  the  weight 
who)  it  is  as  much  less  than  the  weight  as 
thedistance  c  b  is  greater  than  thcdistance  Fig.  23. 

rf  the  weight  a  c.     The  principle  of  the 

wheel  and  asle  is  beautifully  illustrated  by  iitefasee  of  a  watch, 
whidi  regulates  the  varying  force  of  the  main-spring,  and  causes 
d»e  mechanism  to  work  in  perfect  harmony  with  the  elastic  force 
of  the  steel. 


CONVERSATION  XVni. 

OfthePuUei/. 

F,  The   third  mechanical  power,  the  cord  and  pulley,  can  b 

alio  ezpluned  on  the  principle  of  the  lever.    The  Ibe  a  b  ma' 

be  conceived  ta  be  a  lever  whose  arms,  a  c  and  b  c,  are  equal 
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Fig.  24, 


and  C  the   fulcrum,   or   centre  of  motion.    If  now  two  equal 

A weights,  w  and  p,  are  hung  on  the  cord 

passing  over  the  pulley,  they  will  balance 
one  another,  and  the  fulcrum  will  sustain 
both. 

C.  Does    this    pulley  then    (like  the 
common  balance)  give  no  advant^^e? 

F.  From  the  single  fixed  pulley  no 
mechanical  advantage   is  derived ;   it  is, 
nevertheless,  of  great  importance  in  chang- 
ing the  direction  of  a  power,  and  is  veiy 
.  much  used  in  buildings  for  drawing  op 

JL  ^i||\^  small  weights,  it  being  much  easier  for 
flyB  ■!■  ^  ^^^  ^  ^^  ^^^^  burdens  by  meant 
^IIIIP'      ^111^       of  a  single  pulley,  than  to  carry  them 

up  a  long  ladder;  especially  as  he  has 
the  advantage  of  placing  the  pulley  above 
him ;  and  by  pulling  downwards  adding  his  own  weight  to  his 
strength. 

E.  Why  is  it  called  a  mechanical  power  1 

F,  Because  a  single  fixed  pulley  gives  no  advantage,  yet  when 

it  is  not  fixed,  or  when  two  or  more  aare 
combined  into  what  is  called  a  sysliem  of 
pulleys,  they  then  possess  all  the  properties 
of  the  other  mechanical  powers.  Thus  in 
c  D  B,  c  is  the  fulcrum ;  therefore  a  power 
p  acting  at  b,  will  sustain  a  double  weight 
w,  acting  at  a,  for  b  c  is  double  the  distance 
of  A  0  from  the  fulcrum. 

Again,  it  is  evident,  in  the  present  case, 
that  the  whole  weight  is  sustained  by  the 
cord  B  D  p,  and  whatever  sustains  half  the 
cord,  sustains  also  half  the  weight ;  but  one 
half  is  sustained  by  the  fixed  hook  e,  con- 
sequently the  power  at  p  has  only  the  other 
half  to  sustain,  or,  in  other  words,  any 
given  power  at  p  will  keep  in  equilibrio  a 
double  weight  at  w. 
(7.  Is  the  velocity  of  p  double  that  of  w  ? 
F.  Undoubtedly  :  if  you  compare  the  space  passed  through  by 
the  hand  at  p  with  that  passed  by  w,  you  will  find  the  former  is 
just  double  that  of  the  latter,  and  therefore  the  momenta  of  the 
power  and  weight,  as  in  the  lever,  are  equal ;  so  that  here  again, 
what  is  gained  in  power  is  lost  in  time. 

C.  Consequently,  if  the  weight  be  raised  an  inch  or  a  foot, 
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both  sides  of  the  'cord  must  also  be  raised  an  inch,  or  foot,  but  this 

camot  happen  without  that  part  of  the  cord 

•t  »  passing  through  two  inches,  or  two  feet 

ofmoe. 
*.  You  will  now  easily  infer,  from  what  has 

been  shown  of  the  single  movable  pulley,  that 

m  a  system  of  pulleys,  the  power  gained  must 

be  estimated  by  doubling  the  number  of  pulleys 

in  the  lower  or  movable  block.    So  that,  when 

the  fixed  block  x  contains  two  pulleys,  which 

only  turn  on  their  axis,  and  the  lower  block  y 

contains  also  two  pulleys,  which  not  only  turn 

on  their  axes,  but  also  rise  with  the  weight, 

the  advantage  is  as  four  to  one  ;  that  is  to  say, 

a  single  pound  at  p  will  sustain  four  at  w. 
C.  In  the  present  instance,  also,  I  perceive 

tkat  by  raising  w  an  inch,  there  are  four  ropes 

shortened  each  an  inch,  and  therefore  the  hand 

most  have  passed  through  four  inches  of  space 

in  raising  the  weight  a  single  inch  ;  which  es- 

tabHsbes  the  maxim,  that  what  is  gained  in 

power  is  lost  in  space.     But  you  have  only 

talked  of  the  power  of  balancing  or  sustaining 

the  weight ;    some  more  force  is  necessary,  I 

raroose,  to  raise  it. 
F.  Yes  ;  considerable  allowance  must  likewise  be  made  for  the 

friction  of  the  cords,  and  of  the  pivots,  or  axes,  on  which  the 

pollejrs  turn.  In  the  mechanical  powers,  in  general,  one-third  of 
the  power  must  be  added  for  the  loss  sustained  by  friction,  and  for 
the  imperfect  manner  in  which  machines  are  commonly  constructed. 
Thus,  if  by  theory  you  gain  a  power  of  600,  in  practice  you  must 
reckon  only  upon  400.  In  the  pulleys  that  we  have  been  de- 
scribing, writers  have  noticed  three  things,  which  take  much  from 
the  general  advantage  and  convenience  of  pulleys  as  a  mechanical 
power.  The  first  is,  that  the  diameters  of  the  axes  bear  a  great 
proportion  to  their  own  diameters.  The  second  is,  that  in  working 
tbey  are  apt  to  rub  against  one  another,  or  against  the  side  of  the 
Mock.  Tne  third  disadvantage  is  the  stiffiiess  of  the  rope  that 
goes  over  and  under  them. 

The  first  two  objections  have  been,  in  a  great  dem'ee,  removed 
by  the  concentric  pulley,  invented  by  Mr.  James  White :  b  is  a 
solid  block  of  brass,  in  which  grooves  are  cut,  in  the  proportion 
of  1,  8,  6,  7,  9,  &c. ;  and  a  is  another  block  of  the  same  kind, 
who0e  grooves  are  in  the  proportion  of  2,  4,  6,  8,  10,  &c.,  and 
round  these  grooves  a  cord  is  passed,  by  which  means  they  answer 
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the  puqnse  of  so  nrnny  distinct  pulleys, 'eveiy  point  of  which 
moving  witii  the  velocity  of  the  string 
in  contact  with  it,  the  whole  friction 
is  removed  to  the  two  centres  of 
motion  of  the  blocks  a  and  b  :  be~ 
BJde9,  it  is  of  no  small  advantage, 
that  the  pulleys  being  constructed 
in  one  piece,  there  is  no  friction  of 
one  against  the  other. 

£.  Do  jou  calculate  the  powv 
gained  hy  this  pulley  in  the  same 
way  aa  with  the  common  pulleys  ? 

F.  Yes;  for  pulleys  of  every  kind 
the  nile  is  general ;  the  advantage 
gained  is  found  by  doubling  the 
number  of  the  pulleys  in  the  lower 
block :  in  that  before  you  thpre  are 
ioi  grooves,  which  answer  to  as 
many  distinct  pulleys,  and  conse- 
quenily  the  power  gained  is  twelve, 
or  one  pound  at  p  will  balance 
twelve  pounds  at  w. 


CONVKBSATION  XIX. 

0/  the  Inclined  Plane. 
F.  We  may  now  describe  the  inclined  plane,  which  is  the  fourth 
mechanical  power, 

C.  You  wilt  not  be  able,  I  think,  to  reduce  this  also  to  the 
principle  of  the  lever, 

F.  No,  it  is  a  disUnct  principle ;  and  some  writers  on  these 
subjects  reduce  at  once  the  six  me- 
chanical powers  to  two,  viz.  the 
lever  and  inclined  plane. 

E.  How  do  you  estimate  the  ad- 
vantage gained  by  this  mechanical 
power? 

F.  The  method  is  very  easy ;  fiw 
Just  as  much  as  the   length   of  the 

plane  exceeds  its  perpendicular  height  so  much  is  the  advantage 
gained.    Suppose  a  b  is  a  plane  standing  on  the  table,  and  c  d 
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mother  plane  inclined  to  it ;  if  the  length  c  d  be  three  times 
greater  than  the  perpendicular  height ;  then  the  cylinder  b  will 
be  supported  upon  the  plane  c  d,  by  a  weight  equal  to  a  third  part 
of  its  own  weight. 

E.  Could  I  then  draw  up  a  weight  on  such  a  plane  with  a 
ddrd  part  of  the  strength  that  I  must  exert  in  lifting  it  up  at 
tiieend? 

F.  Certainly  you  might ;  allowance,  however,  must  be  made 
for  overcoming  the  friction ;  but  then  you  perceive,  as  in  other 
mechanical  powers,  that  you  will  have  three  times  the  space  to 
pass  over,  and  what  you  gain  in  power  you  lose  in  time. 

C.  Now  I  understand  the  reason  why  two  or  three  strong  planks 
are  laid  from  the  street  to  the  ground-floor  warehouses,  making 
therewith  an  inclined  plane,  when  heavy  packages  are  raised  or 
lowered. 

F.  The  inclined  plane  is  chiefly  used  for  raising  heavy  weights 
to  snail  heights  ;  for  in  warehouses  situated  in  the  upper  part  of 
buildings,  cranes  and  pulleys  are  better  adapted  for  the  purpose. 

(7.  I  have  sometimes  amused  myself  by  observing  the  difference 
of  time  require  by  one  marble  rolling  down  a  smooth  board,  as 
compared  with  another  which  has  fallen  by  its  own  gravity  in  a 
perpendicular  direction. 

F.  And  if  it  were  a  long  plank,  and  you  took  care  to  let  both 
marbles  drop  from  the  hand  at  the  same  instant,  I  dare  say  yon 
found  the  diflerence  very  evident. 

C,  I  did  ;  and  now  you  have  enabled  me  to  account  for  it  very 
satis&ctorily,  by  showing  me  that  as  much  more  time  is  spent  in 
raising  a  body  along  an  inclined  plane  than  in  lifting  it  up  at 
the  end,  as  that  plane  is  longer  than  its  perpendicular  height.  Be- 
cause I  take  it  for  granted  that  the  rule  holds  in  the  descent  as 
well  as  in  the  ascent. 

F.  If  you  have  any  doubt  upon  the  question,  a  few  words  will 
make  everything  clear.  Suppose  your  marbles  placed  on  a 
plane  perfectly  horizontal,  like  this  table,  they  will  remain  at  rest 
wherever  they  are  placed :  now  if  you  elevated  the  plane  in  such 
a  manner  that  its  height  should  be  equal  to  half  the  length  of  the 
plane,  it  is  evident,  from  what  has  been  shown  before,  that  the 
marbles  would  require  a  force  equal  to  half  their  weight  to  sustain 
them  in  any  particular  position  :  suppose  then  the  plane  perpen- 
dicular to  the  table,  the  marbles  will  descend  with  their  whole 
weight,  for  now  the  plane  contributes  in  no  respect  to  support 
them,  consequently  they  would  require  a  power  equal  to  their  whole 
weieht  to  keep  them  from  descending. 

U,  And  the  swiftness  with  which  a  body  falls  is  to  be  estimated 
by  the  force  with  which  it  was  acted  upon  ? 
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F,  Certainly ;  for  you  are  now  suflSciently  acquainted  with 
philosophy  to  know  that  the  effect  must  be  estimated  from  the 
cause.  Suppose  an  inclined  plane  is  thui;y-two  feet  long,  and  its 
perpendicular  height  is  sixteen  feet,  what  time  will  a  marble  take 
in  falling  down  the  plane,  and  also  in  descending  from  the  top  to 
the  earth  by  the  force  of  gravity  ? 

C,  By  the  attraction  of  gravitation,  a  body  falls  sixteen  feet 
in  a  second ;  therefore  the  marble  will  be  one  second  in  falling 
perpendicularly  to  the  ground ;  and  as  the  length  of  the  plane 
IS  double  its  height,  the  marble  must  take  two  seconds  to  roU 
down  it, 

F.  T  will  try  you  with  another  example.  If  there  be  a  plane 
64  feet  perpendicular  height,  and  3  times  64,  or  192  feet  long,  tell 
me  what  time  a  marble  will  take  in  falling  to  the  earth  by  the  at- 
traction of  gravity,  and  how  long  will  it  be  in  rolling  down  the 
plane  ? 

C,  By  the  attraction  of  gravity  it  will  fall  in  two  seconds ;  be- 
cause by  multiplying  the  sixteen  feet  which  it  falls  in  the  first  second 
by  the  square  of  two  seconds  (the  time)  or  four,  I  get  sixty-four, 
the  height  of  the  plane.  But  the  plane  being  three  times  as  long 
as  it  is  perpendicularly  high,  it  must  be  three  times  as  many  seconds 
in  rolling  down  the  plane  as  it  was  in  descending  freely  by  the 
force  of  gravity,  that  is,  six  seconds.* 

E.  Frsiy  what  common  instruments  are  to  be  referred  to  this 
mechanical  power,  in  the  same  way  as  scissors,  pincers,  &c.,  are 
referred  to  the  lever  1 

F,  Chisels,  hatchets,  and  whatever  other  sharp  instruments  which 
are  chamfered,  or  sloped  down  to  an  edge  on  one  side  only,  may 
be  referred  to  the  principle  of  the  inclined  plane. 

The  principle  oi  the  inclined  plane  is  applied  in  the  construction 
of  carriage-ways,  for  the  conveyance  of^  heavy  loads  up  steep 
elevations;  also  in  railways,  &c.  In  crossing  certain  bridges, 
or  in  passing  Holbom  hill,  you  may  have  frequently  observed  the 
plan  adopted  by  the  carman  to  enable  his  horses  to  ascend  when 
their  load  is  unusually  heavy;  instead  of  going  dXrecily  forward, 
he  leads  them  gradually  onward,  by  crossing  the  road  from  side  to 
side  :  he  increases  the  dbtance  or  time,  but  he  is  relieved  from  the 
difficulty  of  ascent. 

*  In  what  is  above  taogbt,  no  notice  is  taken  of  the  effect  of  rotation  upon 
bodies  descending  along  an  inclined  plane.  Considerable  varieties  occur  in  the 
times  of  actual  descent,  in  bodies  of  different  shape,  as  cylinders  and  spheres;  an^ 
according  as  the^  are  solid  or  hollow.  This  is  an  interesting  topic  of  theoretical 
inquiry,  but  too  intricate  for  simple  explanation  in  a  popular  work  like  ours.  The 
inquisitive  reader  may  consult  the  more  scientific  treatises  on  Mechanics,  soch  as 
^^e  of  Gregory  and  Bridge. 
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CONVERSATION  XX. 

Of  tie  Wedge. 

F,  The  next  mechanical  power  is  the  wedges 
which  18  made  up  of  the  two  inclined  planes  d  e  f  6 
and  c  s  F  G  joined  together  at  their  bases  fi  e  f  g  ; 
s  0  is  the  whole  thickness  of  the  wedge  at  its  back 
A  B  0  B,  where  the  power  is  applied,  and  d  f  and 
c  F  are  the  length  of  its  sides  ;  now  there  will  be 
in  equilibrium  between  the  power  impelling  the 
wedge  downward,  and  the  resistance  of  the  wood  or      -^ 
other  substance  acting  ag:ainst  its  sides,  when  the 
thickness  d  c  of  the  wedge  is  to  the  length  of  the  two  sides,  or, 
what  is  the  same  thing,  when  half  the  thickness  d  e  of  the  wedge 
at  its  back  is  to  the  length  of  d  f  one  of  its  sides,  as  the  power  is 
to  the  resistance. 

C,  This  is  the  principle  of  the  inclined  plane. 

jP.  It  is  ;  and  notwithstanding  all  the  disputes  which  the 
methods  of  calculating  the  advantage  gained  by  the  wedge  have 
oocasi(med,  I  see  no  reason  to  depart  from  the  opinion  of  those  who 
consider  the  wedge  as  composed  of  two  inclined  planes,  the  back 
beiiig  equal  to  the  sum  of  their  altitudes. 

E.  I  have  seen  people  cleaving  wood  with  wedges,  but  they 
seem  to  have  no  effect,  unless  considerable  force  and  great  velo- 
city are  also  used. 

F,  No ;  the  power  of  the  attraction  of  cohesion,  by  which  the 
parts  of  wood  stick  together,  is  so  great  as  to  require  a  considerable 
momentum  to  separate  them.  Did  you  observe  anything  else  in  the 
operation  worthy  of  your  attention  ? 

C  Yes  ;  I  also  took  notice  that  the  wood  generally  split  a  little 
below  the  place  to  which  the  wedge  reached. 

F.  This  happens  in  cleaving  most  kinds  of  wood,  and  then  the 
adFantage  gained  by  this  mechanical  power  must  be  in  proportion 
as  the  length  of  the  sides  of  the  cleft  in  the  wood  is  greater  than 
the  length  of  the  whole  back  of  the  wedge.  There  are  other 
varieties  in  the  action  of  the  wedge ;  but,  at  present,  it  is  not 
necessary  to  refer  to  them. 

M.  Smce  you  said  that  all  instruments  which  sloped  off  on  one 
ode  only  were  to  be  explained  by  the  principle  of  the  inclined 
pjane ;  so,  I  suppose,  that  those  which  decline  to  an  edge  on  both 
aides  must  be  reierred  to  the  principle  of  the  wedge. 

F.  They  must ;  which  is  the  case  with  many  chisels,  and  almost 
all  sorts  of  axes,  nails,  bayonets,  &c. ;  the  teedi  of  animals  act  also 
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as  wedges.  The  saw  is  a  series  of  wedges,  on  which  the  motion 
impressed  is  oblique  to  the  resistance. 

(7.  Is  the  wedge  much  used  as  a  mechanical  power  ? 

F,  It  is  of  great  importance  in  a  vast  variety  of  cases,  in  which 
the  other  mechanical  powers  are  of  no  avail ;  and  this  arises  from 
the  momentum  of  the  blow,  which  is  greater,  beyond  comparison, 
than  the  application  of  any  dead  weight  or  pressure,  such  as  is 
employed  in  the  other  mechanical  powers.  Hence  it  is  used  in 
splitting  wood,  rocks,  &c.,  and  even  the  largest  ship  may  bfe  raised 
to  a  small  height  by  driving  a  wedge  below  it. 

E,  Has  it  been  applied  to  any  other  purposes  ? 

F.  It  is  used  for  raising  the  beams  of  a  house,  when  the  floor 
gives  way,  by  reason  of  too  great  a  burden  having  been  laid  upon 
them. 

It  is  usual  also  in  cutting  out  large  millstones  from  the  sili- 
ceous sand-rocks,  in  some  parts  of  Derbyshire,  to  bore  horizontal 
holes  under  them  in  a  circle,  and  fill  these  with  pegs  or  wedges 
made  of  dry  wood,  which  gradually  swell  by  the  moisture  of  the 
earth,  and  in  a  day  or  two  lift  up  the  miUstone  without  break- 
ing it. 

The  wedge  is  called  into  action  by  almost  every  mechanic, 
and  in  a  thousand  instances  where  the  principle  of  the  thing  is 
not  even  thought  of.  Builders,  in  raising  their  scaffolds,  always 
tighten  the  ropes  round  their  scaffolding  poles  by  means  of  wedges 
driven  between  the  cords  and  the  poles.  Chisels  and  knives  are 
wedges  ;  and  so  are  the  blades  of  the  scissors. 


CONVERSATION  XXI. 

Of  the  Screw, 

F.  Let  us  now  examine  the  properties  of  the  sixth  and  last 
mechanical  power,  the  screw ;  which,  however,  cannot  be  called  a 
simple  mechanical  power,  since  it  is  never  used  without  the  assist- 
ance of  a  lever  or  winch  ;  by  which  it  becomes  a  compound  engine, 
and  it  is  of  great  power  in  pressing  bodies  together,  or  in  raising 
great  weights,  a  b  is  the  representation  of  one,  together  with  the 
lever  d  jp. 

F,  You  said  just  now,  papa,  that  all  the  mechanical  powers  were 
reducible  either  to  the  lever  or  inclined  plane ;  how  can  the  screw 
be  referred  to  either  ? 

F,  The  screw  is  composed  of  t\^o  parts,  one  of  which,  a  b,  is 
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called  the  screw,  and  consists  of  a  spiral  protuberance,  called 
the  thread,  which  may  be  supposed  to  be  wrapped  round  a 
cylinder;  the    other   part  c  e,  called  the  nut,  is  perforated  to 
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the  dimensions  of  the  cylinder;  and  in  the  internal  cavity  is 
also  a  spiral  groove  adapted  to  receive  the  thread.  Now,  if 
you  cut  a  slip  of  writing  paper  in  the  form  of  an  inclined  plane 
ah  c,  and  then  wrap  it  round  a  cylinder  of  wood,  d,  you  will 
find  that  it  makes  a  spiral  answering  to  the  spiral  part  of  the 
screw ;  moreover,  if  you  consider  the  ascent  of  the  screw,  it  will 
be  evident  that  it  is  precisely  the  ascent  of  an  inclined  plane. 

C.  By  what  means  do  you  calculate  the  advantage  gained  by 
the  screw  ? 

F.  There  are,  at  first  sight,  evidently  two  things  to  be  '^taken 
into  consideration :  the  first  is  the  distance  between  the  threads 
of  the  screw  ;  and  the  second  is  the  length  of  the  lever. 

V,  Now  I  comprehend  pretty  clearly  how  it  is  an  inclined 
plane,  and  that  its  ascent  is  more  or  less  easy  as  the  threads  of 
the  spiral  are  nearer  or  farther  distant  from  each  other. 

F.  Well,  then,  let  me  ascertain,  by  a  question,  whether  your 
conceptions  be  accurate :  suppose  two  screws,  the  circum- 
ferences of  whose  cylinders  are  equal  to  one  another;  but  in 
one  the  distance  of  the  threads  to  be  an  inch  apart,  and  that  of 
the  threads  of  the  other  only  one-third  of  an  inch ;  what  will 
be  the  diflference  of  the  advantage  gained  by  one  of  the  screws 
over  the  other  ? 

C.  The  one  whose  threads  are  three  times  nearer  than  those 
of  the  other,  must,  I  should  think,  give  three  times  the  greater 
advantage. 

F,  Give  me  the  reason  for  what  you  assert. 
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C,  Because,  from  the  principle  of  the  inclined  plane,  I  learnt 
that  if  the  height  of  two  planes  were  the  same,  but  the  length 
of  one  twice,  thrice,  or  four  times  greater  than  that  of  the 
other,  the  mechanical  advantage  gained  by  the  longer  plane 
would  be  two,  or  three,  or  four  times  more  than  that  gained  by 
the  other.  Now,  in  the  present  case,  the  height  gained  in  both 
screws  is  the  same,  one  inch,  but  the  space  passed  in  that,  three 
of  whose  threads  go  to  an  inch,  must  be  three  times  as  great  as 
the  space  passed  in  the  other ;  therefore,  as  space  is  passed,  or 
time  lost,  just  in  proportion  to  the  advantage  gained,  I  infer 
that  three  times  more  advantage  is  gained  by  the  screw,  the 
threads  of  which  are  one-third  of  an  inch  apart,  than  by  that 
whose  threads  are  an  inch  apart. 

F,  Your  inference  is  just,  and  naturally  follows  from  an 
accurate  knowledge  of  the  principle  of  the  inclined  plane.  But 
we  have  said  nothing  about  the  lever. 

C,  Tliis  seems  hardly  necessary,  it  being  so  obvious  to  any 
one,  who  will  think,  a  moment,  that  power  is  gained  by  that, 
as  in  levers  of  the  first  kind,  according  to  the  length  f  d  from 
the  nut. 

F,  Let  us  now  calculate  the  advantage  gained  by  a  screw,  the 
threads  of  which  are  half  an  inch  distant  from  one  another,  and 
the  lever  7  feet  long. 

C,  I  think  you  once  told  me,  that  if  the  radius  of  a  circle  were 
given,  in  order  to  find  the  circumference  I  must  multiply  the 
radius  by  6. 

F,  I  did ;  for  though  that  is  not  quite  enough,  yet  it  will 
answer  all  common  purposes,  till  you  are  a  little  more  expert  m 
the  use  of  decimals. 

C,  Well,  then,  the  circumference  of  the  circle  made  by  the 
revolution  of  the  lever  will  be  7  feet,  multiplied  by  6,  which  is 
42  feet,  or  504  inches  ;  but,  during  this  revolution,  the  screw 
is  only  raised  half  an  inch,  therefore  the  space  passed  by  the 
moving  power  will  be  1008  times  greater  than  that  gone  through 
by  the  weight ;  consequently  the  advantage  gained  is  1008,  or 
one  pound  applied  to  the  lever  will  balance  1008  pounds  acting 
against  the  screw. 

F,  You  perceive  that  it  follows  as  a  corollary  from  what  you 
have  been  saying,  that  there  are  two  methods  by  which  you  may 
increase  the  mechanical  advantage  of  the  screw. 

C.  I  do  ;  it  may  be  done  either  by  taking  a  long  lever,  or  by 
diminishing  the  distance  of  the  threads  of  the  screw. 

F,  Tell  me  the  result,  then,  supposing  the  threads  of  the 
screw  so  fine  as  to  stand  at  the  distance  of  but  one-quarter  of  an 
inch  asunder,  and  that  the  length  of  the  lever  were  8  instead  of  7. 


THE   SCREW.  59 

C,  The  circumference  of  the  circle  made  by  the  lever  will  be  8 
multiplied  by  6,  equal  to  48  feet,  or  576  inches,  or  2304  quarter 
inches  ;  and  as  the  elevation  of  the  screw  is  but  one-quarter  of  an 
inch,  the  space  passed  by  the  power  will,  therefore,  be  2304 
times  greater  than  that  passed  by  the  weight,  which  is  the  advan- 
tage gained  in  this  instance. 

F,  A  child,  then,  capable  of  moving  the  lever  sufficiently  to 
overcome  the  friction,  with  the  addition  of  a  power  equal  to 
one  pound,  will  be  able  to  raise  2304  pounds,  or  something 
more  than  20  hundred  weight  and  a  half.  The  strength  of  a 
powerful  man  would  be  able  to  do  20  or  30  times  as  much  more. 

C,  But  I  have  seen  at  Mr.  Wil mot's  paper-mills,  to  which  I 
once  went,  six  or  eight  men  use  all  their  strength  in  turning  a 
screw,  in  order  to  press  out  the  water  of  the  newly-made  paper. 
The  power  applied  in  that  case  must  have  been  very  great 
indeed. 

E,  It  was ;  but  I  dare  say  you  are  aw^re  that  it  cannot  be 
estimated  by  multiplying  the  power  of  one  man  by  the  number 
of  men  employed. 

Q,  That  is,  because  the  men  standing  by  the  side  of  one 
another,  the  lever  is  shorter  to  every  man  the  nearer  he  stands 
to  the  screw,  consequently,  though  he  may  exert  the  same 
strength,  yet  it  is  not  so  effectual  in  moving  the  machine  as 
the  exertion  of  him  who  stands  nearer  to  the  extremity  of  the 
lever. 

F.  The  true  method,  therefore,  of  calculating  the  power  of 
this  machine,  aided  by  the  strength  of  these  men,  would  be  to 
estimate  accurately  the  power  of  each  man  according  to  his 
position,  and  then  to  add  all  these  separate  advantages  together 
for  the  total  power  gained. 

E,  A  machine  of  this  kind  is,  I  believe,  used  by  bookbinders, 
to  pms  the  leaves  of  the  books  together  before  they  are  stitched. 

F,  Yes,  it  is  found  in  every  bookbinder *s  workshop,  and  is 
particularly  useful  where  persons  are  desirous  of  having  small 
books  reduced  to  a  still  smaller  size  for  the  pocket.  It  is  also 
the  principal  machine  used  for  coining  money,  for  taking  off 
copper-plate  prints,  and  for  printing  in  general. 

C,  I  remember  Mr.  Boulton's  magnificent  apparatus  for 
coining :  the  whole  machinery  is  worked  by  a  steam-engine, 
which  rolls  the  bronze  for  halfpence,  works  the  screw-presses 
for  cutting  out  the  circular  pieces  of  bronze,  and  coins  both  the 
faces  and  edges  of  the  money  at  the  same  time.  By  this  ma- 
chinery, four  boys,  ten  or  twelve  years  old,  are  capable  of 
striking  30,000  sovereigns  in  an  hour,  and  the  machine  itself 
keeps  an  unerring  account  of  the  number  of  pieces  struck.     A 
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greater  treat  an  inquisitive  youth  cannot  have  than  that  of  wit- 
nessing the  process  of  coining,  as  it  is  carried  on  at  the  Mint, 
Tower  Hill. 

E,  And  I  have  seen  the  cider-press  in  Kent,  which  consists 
of  the  same  kind  of  machine. 

F,  It  would,  my  dear,  be  an  almost  endless  task,  were  we  to 
attempt  to  enumerate  all  the  purposes  to  which  the  screw  is 
applied  in  the  mechanical  arts  of  life  ;  it  will,  perhaps,  be  suflB- 
cient  to  tell  you,  that  wherever  great  pressure  is  required,  there 
the  power  of  the  screw  is  uniformly  employed. 

Perhaps  the  most  extraordinary  application  of  the  screw  is  in 
moving  houses.  In  America  this  has  been  often  done :  a  frame 
of  timber  is  passed  under  a  house — actually  a  brick  house,  and  is 
well  secured ;  a  timber  road  is  prepared  for  the  house  to  travel 
along,  and  it  is  pressed  onward  by  the  application  of  screws  :  we 
are  even  told  that  houses  have  been  moved  in  this  way  while  the 
&mily  were  in  them. 

E.  What  are  the  screw  steam-ships,  in  one  of  which  cousin 
Fred  is  about  to  sail  to  India  as  a  midshipman  ? 

F.  At  the  stern,  between  the  rudder  and  the  keel,  is  a  hori- 
zontal screw,  at  the  end  of  a  long  shaft,  that  is  kept  in  rotation 
by  a  powerful  steam-engine.  It  acts  with  the  water  somewhat 
as  a  gimlet  does  with  a  board  ;  but,  instead  of  entering  as  the 
gimlet  does,  its  blades  press  on  the  water,  and,  as  it  were,  drive 
it  back,  which,  in  practice,  urges  the  ship  forward. 

The  screw-pile  is  another  most  successful  application  of  this 
mechanical  power;  it  is  employed  especially  for  submarine 
foundations,  for  lighthouses,  beacons,  and  other  such  structures. 
A  wide-bladed  iron  screw  is  arranged  at  the  end  of  wooden  or 
other  piles ;  and,  by  means  of  a  capstan  or  otherwise,  it  is 
readily  screwed  down  to  the  necessary  depth,  and  can  be 
introduced  where  it  would  be  practically  impossible  to  drive 
piles  according  to  the  old  plans.  As  an  instance,  unsuccessful 
attempts  had  been  made  by  the  "Earl  of  Courtown  to  lengthen 
the  pier  of  the  harbour  of  Courtown,  on  the  coast  of  Wexford. 
But  Mitcheirs  screw-piles  overcame  the  difficulty.  Iron  piles, 
fitted  with  screws  2  feet  in  diameter,  were  made  to  penetrate 
12  or  15  feet  into  the  sand  and  blue  clay  of  the  harbour.  The 
surf  prevented  barges  or  rafts  being  used  for  the  workmen  to" 
turn  the  screw;  therefore  a  wheel  was  placed  on  the  head  of 
each  pile,  over  which  a  rope  passed,  and  was  led  to  a  pulley  on 
the  solid  pier,  150  feet  distant.  A  gang  of  men  here  hauled  at 
the  rope,  and  so  communicated  rotatory  motion  to  the  pile. 
Here  is  an  instance  of  the  successful  combination  of  three  powers, 
the  lever,  the  pulley,  and  the  screw. 
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CONVERSATION  XXII. 

Of  the  Pendulum, 

C.  Since  we  last  conversed  with  you,  my  dear  papa,  I  have 
had  an  opportunity  of  examining  a  powerful  crane,  and  other 
{neces  of  machinery ;  and  I  perceived  that  they  are  only  levers 
and  pulleys,  and  wheel-and-axles,  with  here  and  there,  perhaps, 
a  screw,  or  an  inclined  plane  judiciously  disposed;  but  pray, 
papa,  what  are  we  to  do  in  our  classifications,  if  we  examine 
a  clock  ?  We  have  tried  repeatedly  upon  the  clock  which  stands 
upon  the  landing  of  the  kitchen  stairs.  We  find  wheels  and  axles, 
levers,  screws,  pulleySj  &c.,  but  neither  of  us  know  what  to  call 
the  pendulum.  Is  it  a  mechanical  power  ?  and,  if  so,  why  have 
you  not  included  it  in  your  classification  ? 

F,  The  pendulum  is  not  called  a  mechanical  power,  because  it 
does  not  confer  any  mechanical  advantage.  It  serves  as  a  regu- 
lator of  motions  by  means  of  the  force  of  gravity,  but  itself 
requires  a  distinct  power,  called  "  a  maintaining  power,"  to  keep 
it  from  subsiding  into  rest. 

The  maintaining  power  is  a  weight  or  a  spring.  The  former 
in  descending,  or  the  latter  in  uncoiling,  communicates  motion 
to  a  train  of  wheels,  the  last  of  which,  called  the  scape-wheel, 
is  notched  in  a  peculiar  way,  and  is  caught  by  a  tooth  or  hook 
at  every  beat  of  the  pendulum.  The  weight  would  run  rapidly 
down  but  for  this  contrivance ;  as  it  is,  tooth  by  tooth  is  allowed 
to  escape  at  each  beat  of  the  pendulum  ;  and  so,  while  the  latter 
regulates  the  motion,  it  is  prevented  subsiding  to  rest,  by  the 
slight  impulse  it  gets  from  each  tooth.  When,  instead  of  a  step- 
by-step  motion,  a  continuous  movement  is  required,  a  conical 
pendulum  is  used ;  so  called  from  its  motion  describing  a  cone. 
It  is  suspended  over  the  clock  movement  by  a  universal  joint ; 
and  touches  a  horizontal  arm  of  the  clock  with  a  vertical  wire, 
extending  from  the  bob  downwards.  Its  motion  resembles  that 
of  the  balls  or  governor  of  a  steam-engine,  such  as  you  see  in 
many  grocers*  shops,  and  which  I  will  some  day  describe  to  you. 
The  Astronomer  Boyal  uses  such  a  pendulum  to  give  uniform 
motion  to  a  metal  drum,  which  will  carry  the  means  for  recording 
the  passage  of  stars  in  front  of  the  transit  telescope,  and  for  other 
astronomical  purposes. 

C.  I  perceive  that  the  length  of  the  pendulum  has  something 
to  do  with  the  time  of  its  vibration;  for  the  pendulum  of  the 
chamber  clock,  which  stands   upon   the  drawing-room  mantel- 


62  MECHANICS. 

piece,  is  much  shorter  than  that  of  the  kitchen  clock;  and  I 
observe  that  it  performs  its  vibrations  in  much  less  time.  Are 
the  laws  of  the  pendulum  simple  enough  for  my  sister  and  me  to 
comprehend  them  ? 

F.  With  your  usual  attention,  my  dear  children,  I  doubt  not 
that  you  will  find  the  laws  of  pendulums  quite  within  your 
comprehension.  The  most  important  are  these: — 1.  The  times 
of  vibratioit  of  the  same  pendulum  in  very  small  arcs  are  all 
equal.  2.  The  velocity  of  the  bob  in  the  lowest  point  will  be 
as  the  length  of  the  chord  of  the  arc,  which  it  describes  in  its 
descent.  3.  The  times  of  vibrations  of  different  pendulums,  in 
similar  arcs,  are  proportional  to  the  square  roots  of  their 
respective  lengths.  4.  Hence  the  lengths  of  pendulums  are  as 
the  squares  of  the  times  of  vibration.  6.  In  the  latitude  of 
London,  a  simple  pendulum,  that  is,  a  fine  thread  with  a  small 
ball  at  its  end,  will  vibrate  once  in  a  second  in  a  small  arc,  if 
its  length  be  39  inches  and  a  fifth.  There  are  many  other  curious 
properties,  but  perhaps  these  will  be  sufficient  for  your  present 
purpose. 

E,  More,  I  fear,  than  I  shall  remember  just  yet ;  but,  with 
dear  Charles's  kind  assistance,  I  hope  I  shall  surmount  all  dif- 
ficulties in  due  time.  Let  me  try ;  and  let  Charles  set  me  right, 
if  you  please,  papa. 

A  pendulum  which  vibrates  seconds  is  39^  inches  in  length, 
and  the  lengths  are  as  the  square  roots  of  the  times :  therefore, 

the  length  of  a  half-second  pendulum  is .     Now  I  cannot 

succeed.  I  must  refer  to  you,  Charles,  for*  I  suspect  it  requires 
a  knowledge  of  fractions. 

C,  It  does,  Emma.  The  square  of  ^  is  i  ;  that  is,  the  square 
of  2  in  the  denominator  is  4  in  the  denominator.  Do  you  under- 
stand that  ? 

E,  Yes,  Charles. 

C.  Well,  then  :  a  fourth  of  39i  is  9  inches  and  |,  which  is  the 
length  of  a  half-second  pendulum — am  I  right,  papa  ? 

F.  Perfectly,  Upon  the  same  principles  you  can,  I  suppose, 
tell  the  length  of  a  pendulum  to  vibrate  in  quarters  of  a  second. 

C.  Yes ;  it  is  only  to  take  the  quarter  of  the  last  number,  or 
the  16th  part  of  the  original  length  of  the  second's  pendulum ; 
thus  we  obtain  2  inches  and  ^  for  the  length  of  the  quarter- 
second  pendulum. 

E.  I  now  see  why  the  pendulum  of  the  little  chamber  clock  is 
shorter  than  that  of  the  kitchen  clock ;  and  I  think  1  can  tell  the 
length  of  a  two-second  and  of  a  three-second  pendulum.  Let  me 
try ;  and  do  not  you  interrupt  me,  Charles,  unless  I  make  a 
mistake.     The  square  of  2  is  4,  so  that  the  two-second  pendulum 
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is  four  times  the  length  of  the  second  pendulum  ;  and  for  the  same 
reason,  because  the  sqoare  of  3  is  9,  the  three-second  pendulum 
is  9  times  the  length  of  that  which  vibrates  once  in  a  second  ;  and 
so  on  for  other  numbers.  I  think  we  may  now  quit  this  subject ; 
what  aay  voa,  Charles  ? 

C  I  should  like  first  to  ask  papa  for  some  information  re- 
specting the  pendulum  experiment  that  was  exhibited  in  the 
various  schools  and  colleges.  I  once  saw  a  great  ball  vibrating 
from  the  ceiling  over  a  round  table,  on  which  were  some  heaps  of 
and ;  but  I  could  not  understand  the  description. 

F»  M.  Foucault,  a  Frenchman,  had  demonstrated  in  1861  a 
|iPoperty  in  the  pendulum  that  had  barely  been  noticed  before, 
and  had  not  at  all  been  studied.  He  showed  that  a  free  pen- 
dulum changes  apparently  its  plane  of  vibration,  and  that  really  it 
continues  to  vibrate  in  the  same  plane. 

E,  What  do  you  mean  by  a  fret  pendulum,  and  by  plane  of 
ribration  ? 

F,  A  heavy  ball  suspended  to  a  long  wire  is  free  to  move  back- 
wards and  forwards,  or  to  the  right  and  left,  or  iu  any  other 
direction.  And  the  direction  in  which  it  moves  is  the  plane  of 
ribration.  For  instance,  if  such  a  pendulum  were  suspended 
over  the  nave  of  our  church,  and  were  set  in  vibration  in  a  direct 
Ime  from  the  organ  to  the  chancel,  viz.  east  and  west,  it  would 
in  a  very  few  minutes  show  a  marked  alteration  in  its  direction. 
When  near  the  chancel,  the  ball  would  be  seen  to  have  got  more 
towards  the  south  aisle,  and  when  at  the  other  end  of  the  vibra- 
tion, or  near  the  organ,  it  would  be  found  nearer  to  the  north 
aisle.  In  fact,  if  a  line  were  extended  under  the  ball  to  mark 
its  direction,  and  were  altered  as  the  direction  alters,  it  would 
be  found  to  move  in  the  direction  of  the  sun,  viz.,  from  east  to 
west. 

C,  Can  we  try  this  ourselves  from  the  roof  of  the  bam  ? 

F,  Certainly :  and  instead  of  starting  the  ball  with  your  hand, 
hang  it  in  a  loop  of  thin  packthread  to  one  side  of  the  bam ; 
and  when  it  is  perfectly  at  rest,  bum  the  packthread,  and  so 
liberate  the  hall.  You  will  very  soon  see  a  change  in  the  direc- 
tion. It  will  change  to  the  extent  of  about  12^  or  the  30th 
part  of  a  circle  in  an  hour.  The  heaps  of  sand  are  touched 
in  regular  succession,  in  proportion  as  the  plane  of  vibration  varies 
from  the  direction  originally  imparted  to  it.  In  accurate  experi- 
ments, extreme  care  is  required  that  the  suspension  be  perfect 
and  free  from  friction. 

E.  You  said,  that  the  plane  of  vibration  apparently  changes : 
why,  it  really  changes,  if  I  understand  you  correctly. 

F.  It  is  the  church  or  bam,  with  which  you  are  comparing  it, 
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that  changes.  The  pendulum  continues  in  its  original  direction ; 
and  as  the  earth  moves  on  from  west  to  east,  the  path  of  the 
pendulum  is  left  behind,  and  seems  to  move  with  the  sun  from 
east  to  west.  If  the  ball  were  large  enough  to  contain  you 
within  it,  and  you  were  to  peep  through  holes  in  its  equator,  you 
would  literally  and  truly  see  the  earth  move.  The  hourly  arcs  of 
deviation  have  been  found,  in  Paris,  11°  30' ;  Bristol,  11°  42f  ; 
Dublin,  12° ;  York,  13°. 

C.  But  the  earth  revolves  in  24  hours,  and  the  circumference 
being  360°,  gives  16°  per  hour,  which  does  not  agree  with  any 
one  of  the  experiments. 

F,  I  am  afraid  I  cannot  enable  you  quite  to  understand  the 
combined  motions  that  occur  in  our  latitudes,  to  produce  this 
anomalous  result.  We  are  obliged  to  hang  the  pendulum  to 
something,  and  this  something  is  carried  onward  with  the  earth, 
which  gives  a  kind  of  backward  twist  to  the  plane  of  vibration, 
and  complicates  the  result.  But,  suppose  the  experiment  to  be 
made  at  the  very  pole  of  the  earth,  and  the  wire  to  be  hung  to 
the  centre  of  a  dome  exactly  over  the  pole.  The  earth  would 
rotate  round  this  centre ;  and  therefore  the  point  of  suspension 
would  not  move.  The  consequence  would  be  that  the  plane 
would  progress  exactly  1 5°  per  hour ;  and  if  the  pendulum  could 
keep  long  enough  in  motion,  it  would  keep  pace  with  the  sun, 
and  complete  an  entire  circuit  in  24  hours. 

E,  Then  it  appears  that  the  direction  in  space  originally  given 
to  the  pendulum  is  retained  throughout ;  and  that  its  direction,  in 
reference  to  the  earth  and  things  on  the  earth,  is  only  relative ; 
and  that  its  rate  of  variation  depends  upon  the  amount  of  motion 
imparted  to  the  point  of  suspension  by  the  rotation  of  the  earth. 

i^.  I  am  glad  to  see  that  you  have  gathered  the  leading  facts  of 
this  remarkable  phenomenon. 

M.  Foucault  has  just  described  a  new  instrument  which  he 
terms  a  Gyroscope ;  and  by  which  he  has  discovered  some  new 
features  in  bodies  having  free  liberty  to  move  in  all  directions. 
Conceive  a  hoop  suspended  from  the  ceiling  by  a  thread ;  within 
this  a  smaller  hoop,  balanced  horizontally,  and  very  free  to 
move;  within  this  a  solid  metal  ring,  also  freely  balanced,  and 
with  its  axis  at  right  angles  to  that  of  thb  smaller  hoop.  When 
rapid  rotation  is  communicated  to  the  metal  ring,  the  whole 
apparatus,  which  before  was  sensitive  to  a  breath  of  air,  takes  a 
determinate  steadiness  in  space,  with  remarkable  energy  ;  and 
its  axis  follows  exactly  the  movement  of  celestial  space.  He  has 
mounted  a  telescope  on  this  axis ;  and  by  looking  through  it  at 
terrestrial  objects,  he  actually  sees  the  earth  move. 

By  allowing  this  ring  liberty  to  move  only  in  certain  given 
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directions,    he  has  arrived  at  the  following  remarkable    con- 
clusions : — 

"  Every  body  turning  round  an  axis,  free  to  direct  itself 
without  moving  out  of  the  horizontal  plane,  furnishes  a  new 
sign  of  the  rotation  of  the  earth ;  for  this  rotation  developcs 
a  directive  force,  which  draws  the  axis  of  the  body  towards 
the  meridian,  and  induces  this  body  to  turn  in  the  same  direction 
as  the  globe, 

"  So  that,  without  the  assistance  of  any  astronomical  observa- 
tion, the  rotation  of  a  body  on  the  surface  of  the  earth  enables 
us  to  point  out  the  plane  of  the  meridian, 

"  And,  every  body,  turning  round  an  axis  that  is  free  to  direct 
itself  without  moving  out  of  the  meridian,  enjoys  the  property  of 
adjusting  itaeM parallel  to  the  axis  of  the  wmM,  and  so  as  to  turn 
in  the  same  direction  as  the  earth,^* 
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CONVERSATION  L 

OF    THB    FIXED    STABt. 

Tutor —  Charke — Jam  ei. 

Charlei.  How  brilliant  the  stars  are  this  evening  ! 

Jamei.  Thej  are ;  and  the  loneer  I  continue  to  gaze  upwards, 
the  more  stars  there  seem  to  be :  bow  is  it  possible  te  number  Iheae 
stars?  and  yet  I  have  heard  that  they  are  numbered,  and  even 
arranged  in  calaloguee  according  to  their  apparent  magnitude. 
Praj,  sir,  explain  to  ua  bow  this  is  done. 

Tutor,  'riiis  I  will  do,  with  pleasure,  on  some  future  day ;  but 
at  present,  i  must  tell  you,  that  in  viewing  the  heavens  with  the 
naked  eye,  we  are  very  much  deceived  in  the  number  of  stars  that 
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are  visible.  It  is  generalljr  admitted,  and  on  good  authority  too, 
that  there  are  never  more  than  between  two  and  three  thousand 
stars  visible  to  the  naked  eye  at  any  one  time. 

J.  What !  can  I  see  no  more  than  about  three  thousand  stars 
if  I  look  all  round  the  heavens?  I  should  suppose  there  were 
niUioiit. 

Tm  Tldi  niimber  is  certainly  the  limit ;  and  that  which  leads 
yoa  to  coojectm^  the  number  is  so  much  larger  is  an  optical  de- 


WT.  An  we  frequently  liable  to  be  deceired  by  our  senses  ? 

K  Y«09  if  we  depend  on  them  singly ;  but  where  we  have  an 
opfmtmmtj  of  calling  in  the  experience  of  one  sense  to  the  aid  of 
WMfaMTf  we  aire  seldom  subject  to  tlus  inconvenience. 

0»  jDo  Yoa  not  know,  tbit  if  you  place  a  small  marble  in  the 
|mIhi  af  the  leh  hand,  and  then  cross  the  second  finger  of  the 
ri|^  htmd  over  the  first;  and  in  that  position,  with  your  eyes 
Mt^  aove  the  marble  with  these  two  parts  of  the  two  fingers  at 
ooea^  wldch  are  not  accustomed  to  come  into  contact  with  any 
dfjeet  at  tiie  same  time,  that  the  one  marble  will  appear  to  the 
tooeh  •■  two  ?  In  this  instance,  without  the  assistance  of  our 
miL  we  riiould  be  deceived  by  the  sense  of  touch. 

2v  This  is  to  the  point,  and  shows  that  the  judgment,  formed 
by  mnens  of  a  single  sense,  is  not  always  to  be  depended  upon. 

Om  I  shoidd  indeed,  have  thought  with  my  brother  that  there 
were  more  than  three  thousand,  had  you  not  asserted  the  con- 
tmtj ;  ftiid  I  am  anxious  to  know  how  it  happens  that  I  am  so 
deceived.  * 

T,  Yoo  are  not  so  much  deceived  as  you  are  hasty ;  look 
at  any  small  portion  of  the  heavens,  and  count  the  stars  in  it ; 
then  make  a  rude  guess  at  the  number  of  such  portions  there  are 
in  die  whole,  and  a  simple  multiplication  will  show  you  that  the 
number  is  not  nearly  so  large  as  you  imagine. 

C  But  I  find  it  difficult  to  count ;  the  stars  dazzle  me. 

T,  Yes ;  and  this  helps  to  deceive  you  at  first ;  for  the  rays 
from  each  star  cross  and  recross  each  other  as  they  enter  the  eye, 
and  you  are  apt  to  think  that  you  see  many  more  than  there 
really  are. 

C,  I  should  like  to  see  this  illustrated. 

T,  Bring  me  your  multiplying  glass ;  look  through  it  at  the 
candle:  how  many  do  you  see?  or  rather  how  many  candles 
should  you  suppose  there  were,  did  you  not  know  that  there  was 
but  one  on  the  table  ? 

J.  A  great  many ;  and  a  pretty  sight  it  is. 

(7.  Let  me  see ;  yes,  there  are, — but  I  can  easily  count  them  ; 
there  are  sixteen. 
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T,  There  will  be  just  as  many  images  of  the  candle,  as  there 
are  surfaces  on  your  glass ;  had  there  been  60,  or  600,  then  the 
single  candle  would  have  given  you  the  idea  of  60  or  600.  What 
think  you  now  about  the  stars  ? 

J,  I  can  no  longer  doubt  but  that  a  thousand  real  luminaries 
may  have  the  power  of  exciting  in  my  mind  the  idea  of  millions ; 
but  by  looking  carefully  at  these  I  get  rid  of  this  false  idea. 

T.  I  will  mention  another  experiment  you  may  try  on  the  next 
clear  starlight  night.  Gret  a  long  narrow  tube,  the  longer  and 
narrower  the  better ;  examine  through  it  any  one  of  the  largest 
fixed  stars,  which  are  called  stars  of  the  first  magnitude,  and  you 
will  find  that,  though  the  tube  takes  in  as  much  sky  as  would 
contain  many  such  stars,  yet  that  the  single  one  at  which  you  are 
looking  is  scarcely  visible,  by  the  few  rays  which  come  directly 
from  it :  this  is  a  proof  that  the  brilliancy  of  the  heavens  is  much 
more  owing  to  reflected  and  refracted  light,  than  to  the  direct 
rays  flowing  from  the  stars.  I  will  explain  these  terms  when  we 
talk  upon  Optics. 


CONYEBSATION  H. 

Of  the  Fixed  Stars, 

C,  Another  beautiful  evening  1  shall  we  take  the  advantage 
of  it  and  go  on  with  our  astronomical  lectures  ? 

T,  I  have  no  objection,  for  we  do  not  always  enjoy  such  oppor^ 
tunities  as  this. 

J,  I  wish  very  much  to  know  how  to  distinguish  the  stars,  and 
to  be  able  to  call  them  by  their  proper  names. 

jT.  This  you  may  very  soon  learn  to  do ;  a  few  evenings  well 
improved  will  enable  you  to  distinguish  all  the  stars  of  the  first 
magnitude  which  are  visible,  and  all  the  relative  positions  of  the 
different  constellations. 

J,  What  are  constellations,  sir  ? 

21  The  ancients,  that  they  might  the  better  distinguish  and 
describe  the  stars,  divided  them  into  constellations,  that  is,  sys- 
tems of  stars,  each  system  consisting  of  such  stars  as  were  near  to 
each  other  ;  they  gave  them  the  names  of  such  men  or  things  as 
they  fancied  the  space  which  they  occupied  in  the  heavens  repre- 
sented. 

(7.  Is  it  then  perfectly  arbitrary,  that  one  collection  is  called 
the  Great  Bear,  another  the  Dragon,  a  third  Hercules,  and  so  on  ? 

T,  It  is ;  and  though  there  have  been  additions  to  the  number 
of  stars  in  each  constellation,  and  various  new  constellations  in- 
vented by  modem  astronomers,  yet  the  original  division  of  thq 
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rtars  into  these  collections  was  one  of  those  few  arbitrary  inven- 
tions which  have  descended  without  alteration,  otherwise  than 
by  addition,  from  the  days  of  Ptolemy  down  to  the  present  time. 
Do  you  know  how  to  find  the  four  cardinal  points,  as  they  are 
usually  called,  the  North,  South,  West,  and  East  ? 

J,  O  yes ;  I  know  that  if  I  look  at  the  sun  at  twelve  o'clock  at 
noon,  I  am  looking  to  the  south  ;  my  back  is  toward  the  north ; 
the  west  is  on  my  right  hand,  and  the  east  is  on  my  left. 

T,  But  you  must  learn  to  find  these  points  without  the  assist- 
ance of  the  sun,  if  you  wish  to  be  a  young  astronomer. 

C,  I  have  often  heard  of  the  North-pole  star ;  that  will  perhaps 
answer,  the  purpose  of  the  sun  when  he  has  left  us. 

T,  You  are  .right :  do  you  see  those  seven  stars  which  are  in 
the  constellation  of  the  Great  Bear? — some  people  have  sup- 
posed their  position  will  aptly  represent  a  plough ;  others  say 
that  they  are  more  like  a  waggon  and  horses, — the  four  stars 
representing  the  body  of  the  waggon,  and  the  other  three  the 
horses,  and  hence  they  are  called  by  some  the  plough,  and  by 
others  they  are  called  Charles's  wain  or  waggon.  There  is  a 
drawing  oi  it]  a  b  d  g  represent  the  four  stars,  and  e  z  b  the 
other  three,  fig.  1. 

C,  What  is  the  star  p  ? 

T,  That  represents  the  polar  star,  to  which  you  just  now 
alluded;  and  you  observe,  that  if  a  line  were  drawn  through 
the  stars  b  and  a,  and  produced  far  enough,  it  would  nearly 
touch  it. 

J,  Let  me  look  at  the  heavens  p 

for  it  by  this  guide.    There  is  the  -T^ 

polar    star,    I   suppose;    it    shines  4^ 

with  a  steady  and  rather  a  dead  kind  /  \ 

rtf  licrVit    JinH  it  sinnAnra  in  ma  fhat  it  •     \ 


:       \ 


df  light,  and  it  appears  to  me  that  it 
would  be  a  little  to  the  right  of  the  /      \ 

line,   passing   through  the  stars  b  /         \^ 

and  a.  .      /  %« 

T.  It  would :  now  these  stars  are  -^.^  ^  '^       * 

generally  known  by  the  name  of  the  b/  *'^ul    ^^ 

painters,  because  they  point  to  the  /'  ^ 

north  pole,  which  is  situated  a  little        ./ 
more   than  two  degrees  from  the   jl^' 
star  p.  A 

C,  Is  that  star  always  in  the  same  Fig.  i. 

part  of  the  heavens  ? 

T,  Nearly  so ;  it  describes  so  very  small  a  circle  round  the 
pole,  that  it  may  be  almost  regarded  as  fixed ;  and  the  rest  of 
the  starry  vault  has  an  apparent  motion  round  this  star. 
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J,  I  now  understand  that  if  I  look  to  the  north,  by  standing 
with  my  face  to^that  star,  the  south  is  at  my  back ;  on  my  right 
hand  is  the  east,  and  the  west  on  my  left. 

T.  Just  so ;  and  we  can  make  use  of  these  stars  as  a  kind  of 
index,  in  order  to  discover  the  relative  positions  of  others. 

G,  In  what  way  must  we  proceed  ? 

T.  Conceive  a  line  drawn  from  the  star  z  (fig.  1.),  leaving  b  a 
little  to  the  left,  and  it  will  pass  through  that  very  bnlliant  star  a 
near  the  horizon  towards  the  west. 

J.  I  see  the  star,  but  how  am  I  to  know  its  name  ? 

T.  Look  on  the  celestial  globe  for  the  star  z,  and  suppose  the 
line  drawn  on  the  globe,  as  we  conceived  it  done  in  the  heavens, 
and  you  will  find  the  star  and  its  name. 

C  Here  it  is : — its  name  is  Arcturus, 

T,  Take  the  figure  {^g,  1.),  and  place  Arcturus  at  a,  which  is 
its  relative  position,  in  respect  to  the  constellation  of  the  Great 
Bear.  Now  if  you  conceive  a  line  drawn  through  the  stars  g 
and  5,  and  extended  a  good  way  to  the  right,  it  will  pass  just 
above  another  very  brilliant  star.  Examine  the  globe  as  before 
and  find  its  name. 

C,  It  is  Ca/pella,  the  little  goat, 

T,  Now  whenever  you  see  any  of  these  stars,  you  will  know 
where  to  look  for  the  others  without  hesitation. 

J.  But  do  they  never  move  from  their  places  ? 

T,  With  respect  to  us  they  seem  to  move  together  with  the 
whole  heavens.  But  they  always  remain  in  the  same  relative 
position  with  respect  to  each  other.  Hence  they  are  called 
fixed  stars,  in  opposition  to  the  planets ,  which,  like  our  earth, 
are  continually  cnanging  their  places,  both  with  regard  to  the 
fixed  stars  and  to  themselves  also. 

C.  I  now  understand  pretty  well  the  method  of  acquiring  a 
knowledge  of  the  names  and  places  of  the  stars. 


CONVERSAllON  HI. 

Of  the  Fixed  Stars,  and  the  Ecliptic, 

T.  I  dare  say  that  you  will  now  have  no  difl&culty  in  finding 
the  north  polar  star. 

J,  No;  unless  that  and  the  other  stars  have  changed  their 
places. 

T,  They  always  keep  the  same  position  with  respect  to  each 
other,  though  their  situation,  with  regard  to  the  heavens,  will  be 
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different  at  different  seasons  of  the  year,  and  in  different  hours  of 
the  ^ght.     Let  us  go  into  the  garden. 

C,  The  stars  are  all  in  the  same  places  as  we  left  them  last 
evening.  Now,  sir,  if  we  conceive  a  straight  line  drawn  through 
the  two  stars  in  the  Great  Bear,  which  are  marked  d  g,  and  to 
extend  a  good  way  down,  it  will  pass  or  nearly  pass  through  a 
very  bright  star,  though  not  so  bright  as  Arcturus  or  Capella ; 
what  is  that  called  ? 

T,  It  is  a  star  of  the  second  magnitude ;  and  if  you  refer  to 
the  celestial  globe,  you  will  find  it  is  called  Regulus  or  Cor  Leonis, 
the  Lion^s  Heart. 

C,  But  have  all  the  stars  names  ;  or  how  are  they  specified  ? 

T.  If  you  look  on  the  globe,  you  will  observe  that  they  are 
distinguished  by  the  different  letters  of  the  Greek  alphabet ;  and 
in  those  constellations,  in  which  there  are  stars  of  different  appa- 
rent magnitudes,  the  largest  is  a  alpha,  the  next  in  size  j3  beta, 
the  third  y  gamma,  the  fourth  5  delta,  and  so  on. 

J.  Is  there  any  particular  reason  for  this  ? 

T.  The  ado[)tion  of  the  characters  of  the  GrjBek  alphabet 
rather  than  any  other  was  perfectly  arbitrary ;  it  is,  however,  of 
great  importance,  that  the  same  characters  should  be  used  in 
general  by  astronomers  of  all  countries,  for  by  this  means  the 
science  is  in  possession  of  a  sort  of  universal  language. 

C,  Will  you  explain  how  this  is  ? 

T.  Suppose  an  astronomer  in  North  America,  Asia,  or  any 
other  part  of  the  earth,  observe  a  comet  in  that  part  of  the 
heavens  where  the  constellation  of  the  Great  Bear  is  situated, 
and  he  wishes  to  describe  it  to  his  friend  in  Great  Britain,  in 
order  that  he  may  know  whether  it  was  seen  by  the  inhabitants 
of  this  island.  For  this  purpose  he  has  only  to  mention  the  time 
when  he  discovered  it ;  its  [)osition,  as  nearest  to  some  one  of  the 
stars,  calling  it  by  the  Greek  letter  by  which  it  is  designated ;  and 
the  course  which  it  took  from  one  star  towards  another.  Thus 
he  might  say,  that  at  such  a  time  he  saw  a  comet  near  8  in  the 
Great  Bear,  and  that  its  course  was  directed  from  8  to  /3,  or  any 
other,  as  it  happens. 

C,  Then  if  his  friend  here  had  seen  a  comet  at  the  same  time, 
he  would,  by  this  means,  know  whether  it  was  the  same  or  a 
different  comet  ? 

T,  Certainly;  and  hence  you  perceive  how  important  it  is, 
that  astronomers  in  different  countries  should  agree  to  mark  the 
same  stars  and  systems  of  stars  by  the  same  characters.  But  to 
return  to  that  star  to  which  you  just  called  my  attention,  the  Cor 
Leonis ;  it  is  not  only  a  remarkable  star,  but  its  position  is  also 
remarkable :  it  is  situated  in  the  ediptic. 
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J.  What  is  that,  sir? 

T,  The  ecliptic  is  an  imaginary  great  circle  in  the  heavens, 
which  the  sun  appears  to  describe  in  the  course  of  a  year.  If  you 
look  on  the  celestial  globe,  you  will  see  it  marked  with  a  red  line. 

J,  But  the  sun  seems  to  have  a  circular  motion  in  the  heavens 
every  day  ? 

T,  It  does;  and  this  is  called  its  apparent  diurnal,  or  daily 
motion,  which  is  very  difterent  from  the  path  it  appears  to  tra- 
verse in  the  course  of  a  year.  The  diurnal  path  is  manifest  to 
the  most  careless  observer ;  but  the  annual  path  requires  some 
thought  to  trace  it  out. 

C.  And  what  is  the  green  line  which  crosses  it  ? 

T.  It  is  called  the  equinoctial.  If  you  can  conceive  the  plane 
of  the  terrestrial  equator  to  be  produced  to  the  sphere  of  the 
Hxed  stars,  it  would  mark  out  this  circle  in  the  heavens,  which 
will  cut  the  ecliptic  in  two  parts ;  and  one  of  these  would  make 
an  angle  with  the  other  of  about  23i  degrees. 

J.  Can  we  trace  the  circle  of  the  ecliptic  in  the  heavens  ? 

T,  It  may  be  done  with  tolerable  accuracy  by  two  methods : 
First,  by  observing  several  remarkable  fixed  stars,  to  which  the 
moon  in  its  course  seems  to  approach ;  the  second  method  is  by 
observing  the  places  of  the  planets. 

C,  Is  the  moon  then  always  in  the  ecliptic? 

2'.  Not  exactly  so  ;  but  it  is  always  either  in  the  ecliptic,  or 
within  five  degrees  and  a  third  of  it  on  one  side  or  the  other. 
The  principal  planets  also — by  which  I  mean  Mercury,  Venus, 
Mars,  Jupiter,  Saturn,  and  Herschel — are  never  more  than  eight 
degrees  distant  from  the  line  of  the  ecliptic. 

J,  How  can  we  trace  this  line,  by  help  of  the  fixed  stars  ? 

T,  By  comparing  the  stars  in  the  heavens  with  their  represen- 
tatives on  the  artificial  globe.  I  will  mention  to  you  the  names 
of  those  stars,  and  you  may  first  find  them  on  the  globe  and  then 
refer  to  as  many  of  them  as  are  now  visible  in  the  heavens.  The 
first  is  in  the  Mam^s  horn,  a  Arietis,  about  ten  degrees  to  the 
north  of  the  ecliptic ;  the  second  is  the  star  Aldeharan  in  the 
BulVs  eye,  six  degrees  south  of  the  ecliptic. 

C  Then  if  at  any  time  I  see  these  two  stars,  I  know  that  the 
ecliptic  runs  between  them,  and  nearer  to  Aldebaran  than  to  that 
in  the  Ram's  horn. 

T,  Yes :  now  carry  your  eye  eastward  to  a  distance  somewhat 
greater  from  Aldebaran  than  that  is  east  of  a  Arietis,  and  you 
will  perceive  two  bright  stars  at  a  small  distance  from  one 
another,  called  Castor  and  Pollux ;  the  lower  one,  and  that 
whidi  is  least  brilliant,  is  Pollux,  seven  degrees  on  the  north  side 
of  the  ecliptic.    Following  ihe  same  track,  you  will  tome   to 
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RegvZuSy  or  Cor  Leonis,  which,  I  have  already  observed,  is 
exactly  in  the  line  of  the  ecliptic.  Beyond  this,  and  only  two 
degrees  south  of  that  line,  you  will  find  the  beautiful  star  in  the 
Virgin's  hand,  called  Spica  Virginis.  You  then  arrive  at  An- 
tareSy  or  the  Scorpion's  Hearty  five  degrees  on  the  same  side  of 
the  ecliptic.  Afterwards  you  will  find  a  Aquilce,  which  is  situate 
nearly  thirty  degrees  north  of  the  ecliptic;  and  farther  on"  is 
the  star  Fomalhaut  in  the  fish's  mouth,  about  as  many  degrees 
south  of  that  line.  The  ninth  and  last  of  these  stars  is  Pegasus^ 
in  the  wing  of  the  flying  horse,  which  is  north  of  the  ecliptic 
nearly  twenty  degrees. 

J,  Upon  what  account  are  these  nine  stars  particularly 
noticed  ? 

T,  They  are  selected  as  the  most  conspicuous  stars  near  the 
moon's  orbit,  and  are  considered  as  proper  stations,  from  which 
the  moon's  distance  is  calculated  for  every  three  hours  of  time ; 
and  hence  are  constructed  those  tables  in  the  "Nautical  Al- 
manac," by  means  of  which  navigators,  in  their  most  distant 
voyages,  are  enabled  to  discover,  on  the  trackless  ocean,  the  par- 
ticular part  of  the  globe  on  which  they  are. 

(7.  What  do  you  mean  by  the  "  Nautical  Almanac  ?" 

jT.  It  is  a  kind  of  National  Almanac,  intended  chiefly  for  the 
use  of  seamen.  It  was  begun  in  the  year  1767,  by  Dr.  Maske- 
lyne,  the  Astronomer  Royal ;  and  is  published  several  years  in 
advance  for  the  convenience  of  ships  going  out  upon  long  voy- 
ages. This  work  has  been  found  eminently  important  in  the 
course  of  voyages  round  the  world ;  and  indeed  it  is  so  highly 
useful  to  all  who  are  engaged  in  navigation,  that  mariners  always 
regard  it  as  an  indbpensable  companion,  except  in  mere  coasting 
voyages. 


CONVERSATION  IV. 

Of  the  Ephemeris, 

C,  Your  second  method  of  tracing  the  ecliptic  was  by  means 
of  the  Position  of  the  planets :  will  you  explain  that  now  ? 

T,  I  will ;  and,  to  render  you  perfectly  qualified  for  observing 
the  stars,  1  will  explain  the  use  of  White's  Ephemeris,*  a  little 

*  **  Whitens  Calesfial  Atlas,  or  an  improved  Ephemerit,  rjftipa  a  day,  wherein  are 
contained  the  geocentric  places  of  the  Planets,  the  Echpses,  Occoltations,  and 
asher  Celestial  Phenomena  of  the  Year;  also  a  complete  Almanack,  containing 
t'le  Feasts  and  Fasts  of  the  Church  of  England,  the  times  of  the  Lunations,  the 
rising  and  setting  of  the  Sun  and  Moon  and  Planets,  &c.,  adapted  to  the  meridian 
aud  latitude  of  Greenwich,"  &c.  &c.,  is  the  title  of  a  shilliug  book,  edited,  for  lSd3, 
hy  W.  8.  B.  Woodhouse,  F.R.A.S.,  that  has  been  published  for  one  hundred  and 
sevens-one  years,  by  the  Company  of  Stationers. 
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book  which  is  published  annually,  and  which  is  a  necessary  com- 
panion to  every  young  astronomer. 

e7.  Must  we  understand  all  this  to  study  the  stars  ? 

T,  Yes;  or  some  other  book  of  the  same  kind,*  if  you 
would  proceed  on  a  rational  plan.  Besides,  when  you  know  the 
use  of  this  book,  which  you  can  master  with  half  an  hour's 
attention,  you  have  nothing  more  to  do  in  order  to  find  the  posi- 
tion of  the  planets  at  any  day  of  the  year,  than  to  turn  to  that 
day  in  the  Ephemeris,  and  you  will  instantly  be  directed  to  those 
parts  of  the  heavens,  or  the  place  in  the  zodiac,  in  which  the  dif- 
lerent  planets  are  situated. 

J,  What  do  you  mean  by  the  Zodiac  ? 

T.  It  is  an  imaginary  broad  circle  or  belt  surrounding  the 
heavens,  about  sixteen  degrees  wide ;  along  the  middle  of  which 
runs  the  ecliptic.  The  term  Zodiac  is  derived  from  a  Greek 
word  signifying  an  animal,  because  each  of  the  twelve  signs  for- 
merly represented  some  animal ;  that  which  we  now  call  Libra 
being  by  the  ancients  reckoned  a  part  oS  Scorpio.  As  it  will  be 
useful  for  you  to  have  the  names  of  the  twelve  signs  in  your 
memory,  as  well  as  the  order  in  which  they  stand,  I  will  repeat 
some  lines  written  by  Dr.  Watts,  which  will  be  easily  remem- 
bered: 

**  The  Ram,  the  Bull,  the  heavenly  Tivim, 
And  next  the  Crab  the  Lion  shines, 

The  Virgin  and  the  Scales  ; 
The  Scorpiony  Archer,  and  Se&-Cfoat, 
The  Man  that  holds  the  watei-ivg-pott 

And  Fish  with  glittering  tails.'* 

These  signs  are  generally  expressed  by  their  Latin  names ; 
and,  for  convenience  of  reference,  each  sign  has  a  symbolic  re- 
presentation. The  following  are  the  symbols,  with  the  respective 
Latin  names  attached,  and  which  are  given  in  p.  46  of  the 
Ephemeris : 

nn  Aries.  Si  Leo.  f  Sagittarius. 

^  Taurus.  ttjl  Virgo.  "^  Capricornus. 

n  Gemini.  :^  Libra.  AXT  Aquarius. 

<S>  Cancer.  tt|,  Scorpio.  X  Pisces. 

In  astronomy,  every  circle  is  divided  into  360  degrees,  con- 
sequently each  of  the  twelve  signs  contains  30  degrees ;  every 
degree  is  divided  into  60  minutes,  and  each  minute  is  subdivided 
into  60  seconds.  The  symbols  for  these  terms  are — degrees  (^), 
minutes  ('),  seconds  (").  Hence  ^  25°  11'  45",  means  25 
degrees,  ]  1  minutes,  45  seconds  in  Libra. 

*  The  "  Illustrated  London  Almanack,"  of  which  the  astronomical  part  is  edited 
by  J.  Glaisher,  Esq.,  l\Ji.S.,  is  a  very  useful  and  instructive  book  of  reference. 
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C,  Are  there  not  also  many  other  symbolic  signs  ? 

T,  There  are  ngns  for  the  son,  moon,  and  planets ;  and  also 
ftr  thdr  relative  positions,  &c.  They  are  all  given  in  the  same 
lige,  and  are  as  follows : 

O  The  Sim.  $  Mars. 

%  Jupiter. 
Q  Full  Moon,  T?  Saturn. 

%  New 'Moon.  l^f  Uranus. 

D  First  Quarter.  ^  Neptune. 

<[  Last  Quarter. 

(4]  Vesta. 

3  Mercury.  !f  Juno. 

5  Venus.  ^  Ceres. 

0  Earth.  $  Pallas. 

The  symbols  for  some  of  the  new  asteroids  will  be  given  here- 


(7.  What  is  the  meaning  of  the  word  Ephemeris  ? 

21  It  is  derived  from  two  Greek  words,  signifying  "upon 
days ;"  and  is  a  kind  of  diary  or  journal  of  the  position  and  re- 
lations of  the  heavenly  bodies.  You  will  find  that  the  double 
page  contains  no  less  than  twenty-one  columns.  We  will  take 
a  hasty  grance  at  these ;  and  you  will  thus  become  acquainted 
with  many  astronomical  terms,  and  will  see  the  large  amount  of 
information  that  is  necessarily  collected  together  for  the  guidance 
cf  those  who  use  the  Ephemeris. 

Col,  I.  gives  the  day  of  the  month.  We  select  Jan.  2nd  for 
mostration. 

Col.  II.  gives  th^  day  of  the  week,  and,  if  Sunday,  the  Sunday 
letter  for  1853,  b. 

C6l»  III.  gives  the  festival,  or  2nd  Sunday  after  Christmas. 

Col,  IV.  the  time  the  sun  rises,  8h.  9m.,  or  9  minutes  past  8. 

Col,  V.  the  time  of  sunset,  3h.  59m.,  or  1  minute  to  4. 

Cdi,  VI.  the  difference  between  mean  time  and  apparent  time, 
on  this  day  4m.  27s.  The  clock,  which  represents  medn  time, 
mdicates  noon  4  minutes  and  27  seconds  before  the  sun,  repre- 
senting apparent  time,  reaches  the  meridian,  or  becomes  due 
mith.  When  speaking  of  the  Equation  of  Time^  I  shall  be  able 
to  give  you  some  more  information  upon  this  point. 

CcH,  vn.  gives  the  sun's  right  ascension,  which  is  its  distance 
at  noon  from  a  meridian  passing  through  the  commencement  of 
the  ecliptic,  or  the  first  point  of  the  constellation  Aries.  It  i» 
expressed  in  time,  18h.  52m.  35s.  As  the  earth,  which  is  in 
circumference  a  circle  of  360°,  revolves  in  24  hours,  an  hour 
represents  15° ;  so  that  time  and  degrees  are  mutually  convertible. 
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On  March  21st  at  noon  the  sun  is  only  2m.  58s.  from  the  meridian ; 
so  that  a  little  before  noon  on  that  day  it  is  on  the  meridian. 

Cd,  VIII.  shows  the  declination  of  the  sun  at  noon,  or  its 
distance  north  or  south  from  the  equator ;  it  is  now  22^  54' 
south.  Its  greatest  distance  south  is  on  December  21st,  when  it 
is  23°  28'. 

Cd,  IX.  is  the  sun's  longitude,  or  place  in  the  ecliptic  ex- 

Sressed  by  the  sign,  in  degrees  and  minutes,  &c.     At  noon,  on 
anuary  2d,  it  is  at  11°  4'  21"  of  Capricornus. 

The  sun's  latitude,  or  distance  N.  or  S.  from  the  ecliptic,  is 
extremely  small,  and  varies  but  little,  and  that  slowly.  It  is 
given  each  sixth  day  in  a  small  column  at  the  top  of  the  right- 
hand  page :  it  is  on  January  1st  six-tenths  of  a  second  north  of 
the  ecliptic. 

Col,  A.  contains  a  guide  to  the  relative  distance  between  the 
centre  of  the  earth  and  the  centre  of  the  sun.  As  it  is  expressed 
in  logarithms,  which  you  have  not  yet  studied,  I  will  not  attempt 
to  explain. 

CoL  XI.  shows  the  distance  in  time  of  the  first  point  of 
Aries  from  the  meridian,  at  noon,  by  a  clock  keeping  mean 
time.  It  is  called  siderial  time,  and  refers  to  the  time  between 
the  departure  of  a  meridian  of  the  earth  from  a  star  till  its  next 
return  to  it. 

Cols,  XII.  to  XIX.  give  particulars  respecting  the  moon ;  its 
time  of  rising ;  and  its  reaching  the  south,  32  minutes  past  5  in 
the  morning ;  its  right  ascension  or  distance  from  the  first  point 
of  Aries,  expressed  in  time,  12  hours  33  minutes  ;  its  dedination^ 
or  distance  north  or  south  of  the  equator,  2°  7'  north  :  its  longi- 
tude, or  place  in  the  ecliptic,  6°  44  of  Libra;  its  latitude,  5°  13' 
north  of  the  ecliptic ;  its  semi-diameter,  or  the  angle  16'  2",  it 
would  subtend  or  produce  if  seen  from  the  centre  of  the  earth  ; 
and,  finally,  its  horizontal  parallax,  58'  44",  or  the  greatest 
angle  under  which  the  earth's  semi-diameter  at  the  equator  would 
be  seen  if  viewed  from  the  centre  of  the  moon. 

Cd,  XX.  gives  the  time  of  high  water  at  London  Bridge  in 
the  morning  as  24  minutes  past  6 ;  and  Col.  XXL,  the  time  in 
the  afternoon,  viz.  48  minutes  past  6. 

In  addition  to  thb,  the  top  of  the  left-hand  page  shows  the 
lunations  or  times  when  the  moon  enters  her  respective  quarters, 

C,  There  are  no  less  than  ten  more  little  columns  on  the  top 
rff  the  right-hand  page,  some  of  which  explain  themselves, — as 
the  length  of  the  day,  which  I  have  no  doubt  is  the  time  from 
sunrise  to  sunset; — day  increased,  which  I  see,  for  January  1st, 
is  six  minutes  since  the  shortest  day,  and  goes  on  increasing  day 
by  day.    Daylight  begins^ — ^what  is  that  ? 
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T.  It  is  the  time  when  twilight  commences,  or  the  sun  is  18° 
below  the  horizon.  The  sun^s  hourly  motion  is  the  rate  of  its 
change  of  longitude ;  its  semi-diameter,  as  seen  from  the  centre 
of  the  earth  ;  the  time  of  its  semi-diameter  passing  the  meridian  ; 
and,  finally,  the  time  at  which  it  is  due  east.  To  these  are 
added  the  place  of  the  moon's  ascending  node,  of  which  more 
hereafter. 

0.  Are  the  clock  and  the  sun  always  different  in  time  ? 

T,  Not  always,  but  very  nearly  so.  If  you  are  in  possession 
of  a  very  accurate  and  well-regulated  dock,  and  also  of  an 
excellent  sun-dial,  they  will  be  together  only  four  days  in  a  year ; 
now  this  column  in  the  Ephemeris  points  out  how  much  the  clock 
is  before  the  sun,  or  the  sun  before  the  clock,  for  every  day  in 
the  year. 

J,  What  are  the  four  days  in  the  year  when  the  clock  and 
dial  are  together? 

T,  About  the  15th  of  April,  the  16th  of  June,  the  1st  of  Sep- 
tember, and  Christmas-day. 

C.  By  this  table,  then,  we  may  regulate  our  clocks  and 
watches. 

J,  In  what  manner  ? 

C,  Examine  the  time  by  a  good  "clock  or  watch,  and  on  a  good 
sun-dial,  and  observe  whether  the  difference  between  them 
answer  to  the  difference  set  down  in  the  table,  opposite  to  the 
day  of  observation, 


CONVERSATION  V. 

Of  the  Solar  System, 

T.  We  will  now  proceed  to  the  description  of  the  Solar  System^ 
consisting  of  the  sun  and  planets,  with  their  satellites  or  moons ; 
so  called  from  Sol,  the  sun,  because  the  sun  is  supposed  to  be 
fixed  in  the  centre,  while  the  planets,  and  our  earth  among  them, 
revolve  round  him  at  various  distances. 

C  But  are  there  not  some  people  who  believe  that  the  sun 
goes  round  the  earth  ? 

T,  Yes.  It  was  adopted  by  Ptolemy,  a  celebrated  astronomer 
of  antiquity,  who  supposed  the  earth  perfectly  at  rest,  and  the  sun, 
planets,  and  fixed  stars  to  revolve  about  it  every  twenty-four  hours. 

J^  And  is  not  that  the  most  natural  supposition  ? 

T.  If  the  sun  and  stars  were  small  bodies  in  comparison  of  the 
earth,  and  were  situated  at  no  very  great  distance,  then  the  sys- 
tem maintained  by  Ptolemy  and  his  followers  might  appear  the 
most  probable. 
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J,  Are  the  sun  and  stars  very  large  bodies  then  ? 

T,  The  sun  is  more  than  a  miUion  of  times  larger  than  the 
earth  which  we  inhabit,  and  many  of  the  fixed  stars  are  probably 
much  larger  than  he  is. 

C.  What  is  the  reason,  then,  that  they  appear  so  small  ? 

T,  This  appearance  is  cauj-ed  by  the  immense  distance  there  is 
between  us  and  these  bodies.  It  is  known  with  certainty  that 
the  sun  is  more  than  95  millions  of  miles  distant  from  the  earth, 
and  the  nearest  fixed  star  is  not  less  than  two  hundred  thousand 
times  farther  from  us  than  even  the  sun  himself. 

C,  How  can  anyone  know  this  ?  they  must  guess. 

T,  No,  it  is  no  guessing ;  it  is  a  certainty :  I  will  try  to  show 
you  how  it  is  known.  Draw  a  large  circle  on  the  lawn ;  place 
your  cap  on  one  edge  of  the  circle,  and  stand  yourself  on  the 
other  side  of  the  circle  exactly  opposite  to  your  cap ;  now  look 
carefully  at  those  two  fir  trees  on  the  hill  at  a  distance. 

C  I  see  them :  there  is  just  enough  space  between  them  to 
permit  of  my  seeing  the  flag-staff  on  the  other  side  of  the  hill. 
.  .  T,  Good :  now  come  over  to  your  cap,  and  look  again  at  the 
trees,  and  tell  me  what  you  observe. 

C,  They  now  appear  so  close  together  that  the  flag-staff  is 
hidden..'  ' :  : 

T.  Exactly  so  ;  and  if  I  were  to  measure  the  diameter  of  the 
circle,  and  then  notice  the  angle  under  which  you  had  seen  the 
trees,  a  short  calculation  would  enable  me  to  tell  you  their  exact 
distance. 

C.  What,  without  measuring  it  ? 

T.  Yes,  But  I  see  you  are  going  to  ask  me  what  this  has  to 
do  with  the  stars.  I  will  tell  you.  Fancy  the  flag-staff  a  star, 
and  your  two  places  of  observation  the  situation  of  the  earth  at 
opposite  times  of  the  year.  A  certain  star  has  been  examined 
from  two  such  positions,  and  it  has  not  changed  its  place  in 
respect  to  other  stars,  as  your  flag-staff  did  in  respect  to  the  trees. 
Ekit  a  short  calculation  tells  us  that  it  would  have  dianged  its 
jplace  had  it  been  nearer  than  I  mentioned. 

0,  But  we  can  form  no  conception  of  such  distances. 

T,  No ;  but  several  methods  have  been  adopted  to  assist  the 
mind  in  comprehending  the  vastness  of  these  distances.  You 
have  some  idea  of  the  swiftness  with  which  a  cannon-ball  proceeds 
from  the  mouth  of  the  gun  ? 

e/.  I  have  heard  at  the  rate  of  eight  miles  in  a  minute. 

T,  And  you  know  how  many  minutes  there  are  in  the  year  ? 

J,  I  can  easily  find  out  that  by  multiplying  365  days  by  24 
for  the  number  of  hours,  and  that  product  by  60,  and  I  shall 
have  the  number  of  minutes  in  a  year,  which  number  is  525,600. 


THE   SOI^AR   SYSTEM. 


79 


T.  Now  if  you  divide  the  distance  of  the  sun  from  the  earth  by 
the  number  of  minutes  in  a  year,  multiplied  by  8,  because  the 
cannon-ball  travels  at  the  rate  of  8  miles  in  one  minute,  you  will 
know  how  long  any  body  issuing  from  the  sun,  with  the  velocity 
of  a  cannon-ball,  would  employ  in  reaching  the  earth. 

O.  If  I  divide  95,000,000  by  626,600  multiplied  by  8,  or 
4,204,800,  the  answer  will  be  more  than  22,  the  number  of  years 
taken  for  the  journey, 

T.  Is  it  then  probable  that  bodies  so  lai^,  and  at  such  dis- 
tances from  the  earth,  should  revolve  romid  it  every  day  ? 

C,  I  do  not  think  it  is.  We  might  as  reasonably  expect  the 
fire  to  revolve  round  the  meat,  instead  of  the  joint  rotating  in 
front  of  the  fire. — ^Will  you,  sir,  go  on  with  the  description  o?tho. 
Solar  System  f 


Fig.  2. 

T,  According  to  this  system,  the  son  is  in  the  centre,  about 
wUch  the  planets  revolve  from  west  to  east ;  that  is,  if  a  planet 
is  seen  in  Aries,  it  advances  to  Taurus,  then  to  Gremini,  and  so  on. 

J.  How  many  planets  are  there  belonging  to  the  sun  ? 

T.  There  are  eight  larger  planets,  some  of  which  have  moona ; 
and  no  less  than  sixty-five  asteroids  or  ultra  zodiacal  planets.  Id 
fig.  2.,  c  represents  the  Sun,  nearest  to  which  revolves  Mercury j 
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in  the  orbit  marked  a ;  then  comes'  Venus,  in  the  orbit  h ;  next 
in  order,  the  Earth,  t,  with  its  moon ;  then  Mars,  in  c ;  then 
Jupiter,  in/,  with  its  four  moons  or  satellites ;  afterwards  Saturn, 
in  g,  with  his  eight  moons — the  eighth  discovered  in  1848  ;  then 
Uranus,  formerly  called  Herschel,  with  his  six  moons,  in  the 
orbit  h;  and  lastly,  Neptune,  discovered  in  1846,  who  has  one 
moon,  and  probably  more,  whose  orbit,  exterior  to  HerscheFs,  is 
not  shown  here. 

J,  What  is  the  meaning  of  the  smaller  circles,  which  are 
attached  to  several  of  the  larger  ones  ? 

T.  They  are  intended  to  represent  the  orbits  of  the  several 
satellites  or  moons  belonging  to  some  of  the  planets. 

J,  What  do  you  mean  by  the  word  orbit  7 

T.  The  path  described  by  a  planet  in  its  course  round  the  sun, 
or  by  a  moon  round  its  primary  planet,  is  called  its  orbit.  Look 
to  the  orbit  of  the  earth  in  t,  and  you  will  see  a  little  circle, 
which  represents  the  orbit  in  which  our  moon  performs  its 
monthly  journey. 

(7.  What  are  the  sixty-five  smaller  planets,  which  you  have 
notyet  named  ? 

T,  The  names  of  the  four,  which  have  been  known  for  half 
a  century,  and  the'particulars  connected  with  their  discovery,  are  : 

Ceres,  discovered  by  Piazzi,  Jan.  1,  1801. 
Pallas,      „       „        Olbers,  March  28,  1802. 
Juno,        „       „        Harding,  Sept.  1,  1804. 
Vesta,      „       „        Olbers,  March  19,  1807. 

Their  orbits  are  between  those  of  Mars  and  Jupiter,  and  the 
order  of  their  distances  from  the  sun  is  Vesta,  Juno,  Ceres,  Pallas. 
The  other  sixty-one,  which  are  very  recent  discoveries,  will  be 
described  with  Neptune  in  another  conversation.  Comets  also  are 
included  in  the  solar  system. 


CONVERSATION  VI. 

Of  the  Figure  of  the  Earth, 

T,  We  will  now  consider  each  part  of  the  solar  system  sepa- 
rately :  and  since  we  are  most  of  all  concerned  with  the  earth,  we 
will  begin  with  that  body. 

J,  You  promised  to  give  us  some  reason  why  this  earth  must 
be  in  the  form  of  a  globe,  and  not  a  mere  extended  plane,  as  it 
appears  to  common  observation. 

T,  Suppose  you  were  standing  by  the  sea-shore,  on  a  level 
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with  the  water,  and  at  a  very  considerable  distance,  as  far  as  the 
eye  can  reach,  you  observed  a  ship  approaching ;  what  ought  td 
lie  the  appearance,  supposing  the  surmce  of  the  sea  to  be  a  flat 
plane? 

C7.  We  should,  I  think,  see  the  whole  ship  at  once,  that  is,  the 
hull  would  be  visible  as  soon  as  the  top-mast. 

T,  It  certainly  must,  or  indeed  rather  sooner,  because  the  body 
of  the  vessel  being  so  much  larger  than  a  slender  mast,  it  must 
necessarily  be  visible  at  a  greater  distance. 

J,  Yes;  I  can"  see  the  steeple  of  a  church  at  a  much  greater 
distance  than  I  can  discern  the  lightning  conductor  which  is 
upon  it. 

T.  Well,  but  the  top-mast  of  a  vessel  at  sea  is  always  in 
view  some  little  time  before  the  hull  of  the  vessel  -can  be  dis- 
cerned. Now,  if  the  surface  of  the  sea  be  globular,  this  ought 
to  be  the  appearance,  because  the  protuberance  or  swelling  of 
the  water  between  the  vessel  and  the  eye  of  the  spectator,  will 
hide  the  body  of  the  «hip  some  time  after  the  pennant  is  seen 
above. 

C.  In  the  same  way  as  if  a  high  building,  a  church  for  instance, 
were  situated  on  one  side  of  a  hill,  and  I  was  walking  up  the 
opposite  side,  the  steeple  would  come  first  in  si^ht ;  and,  as  I 
advanced  towards  the  summit,  the  other  parts  would  come  succes- 
sively in  view. 

T,  Your  illustration  is  quite  to  the  purpose.  In  the  same  man- 
ner two  persons,  walking  up  a  hill  from  opposite  sides,  will  perceive 
eaoh  other's  heads  first ;  -and  as  they  advance  to  the  top,  the 
other  parts  of  their  bodies  will  become  visible.  With  respect  to 
the  mip,  the  following  figure  will  convey  the  idea  very  accu- 


Fig.  3» 


rately.  Suppose  bag  represent  a  small  part  of  the  curved  sur- 
face of  the  sea ;  if  a  spectator  stand  at  b,  while  a  ship  is  at  c, 
only  a  small  part  of  the  mast  is  visible  to  him:  but,  as  it 
advances,  more  of  the  ship  is  seen,  till  it  arrive  at  e,  when  the 
vhole  will  be  in  sight. 
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C,  When  I  stood  by  the  sea-side,  the  water  did  not  appear  to 
me  to  be  curved. 

T,  Perhaps  not ;  but  its  convexity  may  be  discovered  upon  any 
still  water :  as  upon  a  river,  which  is  extended  a  mile  or  two  in 
length;  for  you  might  see  a  very  small  boat  at  that  distance 
wbue  standing  upright.  If,  then,  you  stoop  down  so  as  to  bring 
your  eye  near  the  water,  you  will  find  the  surface  of  it  rising  in 
such  a  manner  as  to  cover  the  boat,  and  intercept  its  view  com- 
pletely. Another  proof  of  the  globular  figure  of  the  earth  is, 
that  it  is  necessary  for  those  who  are  employed  in  cutting  canals, 
to  make  a  certain  allowance  for  the  convexity;  since  the  true 
level  is  not  a  straight  line,  but  a  curve  which  fails  below  it  eight 
inches  in  the  first  mile. 

(7.  I  have  heard  of  people  sailing  round  the  world,  which  is 
another  proof,  I  imagine,  oi  the  globular  figure  of  the  earth. 

jT.  It  is  a  well-known  fact  that  navigators  have  set  out  from 
ft  particular  port,  and,  by  steering  their  course  continually  west- 
ward, have  at  length  arrived  at  the  same  place  from  whence  they 
first  departed.  Now  had  the  earth  been  an  extended  plane,  the 
longer  they  had  travelled,  the  farther  they  must  have  been  from 
home. 

C,  How  is  it  known  that  they  continued  the  same  course  ? 

T,  By  means  of  the  mariner's  compass,  which  I  will  explain 
on  a  future  opportunity  ;  the  method  of  sailing  on  the  ocean  by 
one  certain  track,  is  nearly  as  sure  as  travelling  on  the  high  road, 
fiy  this  method,  Ferdinand  Magellan  sailed,  in  the  year  1519, 
from  the  western  coast  of  Spain,  and  continued  his  voyage  in  a 
western  course.  He  was  killed  in  the  Philippine  islands ;  but  his 
ship  arrived  after  1 124  days  in  the  same  port  from  which  it  had 
sailed.  The  same  voyage  was  made  by  Sir  Francis  Drake,  Xx)rd 
Anson,  Captain  Cook,  and  many  others. 

C,  Is  then  the  common  terrestrial  globe  a  just  representation  of 
the  earth  ? 

T,  It  is,  with  this  small  difference,  that  the  artificial  globe  is 
a  perfect  sphere,  whereas  the  earth  is  a  spheroid,  the  diameter 
from  pole  to  pde  being  about  26^  miles  shorter  than  that  at  the 
equator, 

C,  What  is  a  spheroid  f 

T,  An  egg  is  an  oUong  spheroid :  an  orange  is  an  olhte  sphe- 
roid. The  earth  is  an  ohlate  spheroid  ;  but  it  is  not  nearly  so  flat 
in  proportion  at  the  poles  as  the  orange  is. 

J,  What  are  the  poles,  sir  ? 

T,  In  the  artificial  globes  there  is  an  axis  v  s  about  which 
it  turns ;  now  the  two  extremities  or  ends  of  this  axis  k  and  8 
are  called  the  poles. 
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C.  r»  there  any  bzib  belonging  to  the  earth  ? 

I*.  No ;  but  as  I  shall  show 
jn  to-DioTTow,  the  eanb  turns 
mmd  once  in  eveiy  twenty-four 
knn,  BO  astronomers  imagine 
a  axis  upon  which  it  revolvea 
M  npon  a  centre,  the  extremities 
of  which  imaginary  axis  are  the  <; 
raiet  of  the  earth ;  of  these,  v. 
me  north  pole,  pmnla  at  all 
times  exactly  to  the  north  pole 
of  the  heaveni,  which  we  have 
alraady  deBcribed,  and  which  is, 
»  you  recollect,  within  two 
d^nes  of  the  polar  star  in  the  fig-  <t 

ia»mia,fig.  I. 

J.  And  how  do  you  define  the  equator  t 

T.  The  eqwilor  a  b  (in  fig.  4.)  b  the  circamference  of  at 
""F™*?  circle  parsing  through  the  centre  of  the  earth,  p^pen- 
dicuar  to  the  axis,  it  e,  and  at  equal  distances  from  the  p^les. 

C.  And  I  think  you  told  ua,  thai,  if  we  conc«»ed  this  drcle 
Otended  every  way  to  the  fixed  stars,  it  would  form  the  celestial 
tjuator. 

T.  I  did ;  it  is  also  called  the  equinoctial,  and  you  must  not 
&i^,  that,  in  this  case,  it  would  cut  the  circle  of  the  ecliptic  c  d 

J,  Why  is  the  (diptic  marked  on  the  terrestial  globe,  mnce  it 
ia  a  drcle  peculiar  to  the  heavens  ? 

T.  Thourfi  the  ediptic  be  peeulis'"  to  the  hearens  and  the 
equator  to  the  earth,  yet  they  are  both  drawn  on  terrestrial  and 
celestial  globes,  in  wder,  among  other  things,  to  show  the  posi- 
tion which  these  iinaginary  circles  have  in  relation  one  to  the 
other. 
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Of  the  Diurnal  Motion  of  the  Earth. 

T,  Havii^  seen  that  the  earth  is  a  globe,  I  will  show  you  that 
this  globe  turns  on  an  im^;inary  axis  every  twenty-four  hours ; 
and  thereby  causes  die  succession  of  day  and  lught 

C  I  shall  be  glad  to  hear  how  this  can  be  proved ;  for  if,  in 
the  momii^,  I  loolc  at  the  sun  when  rising,  it  appears  in  the  east, 
•tnooD  it  iaA  travelled  to  the  south,  and  in  the  evening  1  see  il 
in  the  western  p«rt  gf  the  heavens. 
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J,  Yes,  and  we  observed  the  same  last  night  (March  the  1st) 
with  respect  to  Arcturus,  for  about  eight  o'clock  it  had  just  risen 
in  the  north-east  part  of  the  horizon,  and  when  we  went  to  bed 
two  hours  after,  it  had  ascended  a  good  height  in  the  heavens, 
evidently  travelling  towards  the  west 

T,  It  cannot  be  denied  that  the  heavenly  bodies  appear  to  rise 
in  the  east  and  set  in  the  west ;  but  the  appearance  will  be  the 
same  to  us,  whether  those  bodies  revolve  about  the  earth  while 
that  stands  still,  or  they  stand  still  while  the  earth  turns  on  its 
axis  the  contrary  way. 

C,  Will  you  explain  this,  sir  ? 

T,  Suppose  is  B  c  B  to  represcBt  the  earth,  ^  the  centre  on  which 

it  turns  from  west  to  east,  according  to 
the  order  of  the  letters  o  b  c  b.  If  a 
spectator  on  the  surface  of  the  earth  at 
B  see  a  star  at  h,  it  will  appear  to  him 
to  have  just  risen ;  if  now  the  earth  be 
supposed  to  turn  on  its  axis  a  fourth  of 
a  revolution,  the  spectator  will  be  car- 
ried from  B  to  c,  and  the  star  will  be 
just  over  his  head ;  when  another  fourth 
part  of  the  revolution  is  completed, 
the  spectator  will  be  at  b,  and  to  him 
the  star  at  h  will  be  setting,  and  will 
^ig-  ^  not  be  visible  again  till  he  arrive  by  the 

rotation  of  the  earth  at  the  station  b. 

C,  To  the  spectator,  then,  at  b,  the  appearance  would  be  the. 
same  whether  he  turned  with  the  earth  into  the  situation  b,  or 
the  star  at  h  had  described,  in  a  contrary  direction,  the  space 
H  z  o  in  the  same  time. 
T,  It  certainly  would. 

J,  But  if  the  earth  reaHy  turned  on  its  axis,  should  we  not 
perceive  its  motion  ? 

T,  The  motion  of  the  earth,  in  its  diurnal  rotation,  being 
subject  to  no  impediments  by  resisting  obstacles,  cannot  affect 
the  senses.  In  the  same  way  ships  on  a  smooth  sea'  are  fre- 
quently turned  entirely  round  by  the  tide,  without  the  know- 
ledge of  those  persons  who  hapiJien  to  be  busy  in  the  cabin,  or 
between  the  decks. 

C,  That  is,  because  they  pay  no  attenlaon  to  any  external  object 
and  every  part  of  the  ship  moves  with  themselves. 

J,  But  if,  while  the  ship  is  turning,  without  their  knowledge, 
they  happen  to  be  looking  at  fixed  distant  objects,  what  will  be 
the  appearance  ? 

T,  The  objects  which  are  at  rest  will  appear  to  be  turning 
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itrand  the  contrary  way.  In  the  same  manner  we  are  deceived 
in  the  motion  of  the  earth  round  its  axis ;  for,  if  we  attend  to 
nothing  but  what  is  connected  with  the  earth,  we  cannot  perceive 
a  motion  of  whieh  we  partake  ourselves^  and  we  fix  our  eyes  on 
the  heavenly  bodies,  the  motion  of  the  earth  being  so  easy,  they 
will  appear  to  be  turning  in  a  direction  contrary  to  the  real' 
motioix  of  the  earth. 

C.  I  have  sometimes  seen  a  skylark  hovering  and  singing  over 
a  particular  field  for  several  minutes  together ;  now  if  the  earth 
is  continually  in  motion  while  the  bird  remains  in  the  same  part 
of  the  air,  why  do  not  we  see  the  field,  over  which  he  first  a^ 
oended  pass  from  under  him  ? 

T.  Because  the  atmosphere  in  which  the  lark  is  suspended  is 
connected  with  the  earth,  partakes  of  its  motion,  and  carries  the 
lark  along  with  it ;  and  therefore,  independently  of  the  motion 
given  to  the  bird  by  the  exertion  of  its  wings,  it  has  another  in 
common  with  the  earth,  yourself,  and  all  things  on  it,  and  being 
common  to  us  all,  we  have  no  methods  of  ascertaining  the  fact 
by  means  of  the  senses. 

J.  Though  the  motion  of  a  ship  cannot  be  observed  without 
objects  at  rest  to  compare  with  it,  yet  I  cannot  help  thinking 
that  if  the  earth  moved,  we  should  be  able  to  discover  it  by  means 
of  the  stars,  if  they  are  fixed. 

T.  Do  you  not  remember  once  sailing  very  swiftly  on  the 
river,  when  you  told  me  that  you  thought  all  the  tre^s,  houses, 
&c.,  on  its  banks  were  in  motion  ? 

J.  I  now  recollect  it  well ;  and  I  had  some  difficulty  in  per^ 
suading  myself  that  it  was  not  so. 

C,  This  brings  to  my  mind  a  stronger  deception  of  the  same 
kind :  when  travelling  with  great  speed  on  the  railway,  I  sudn 
denly  waked  from  a  sleep,  and  I  could  scarcely  help  supposing 
for  several  minutes,  that  the  trees  and  hedges  were  running  away 
from  us,  and  not  we  from  them. 

T.  I  will  mention  another  eurious  instance  of  this  kind;  if 
you  ever  happen  to  travel  pretty  swiftly  in  a  carriage,  by  the 
side  of  a  fiel(l  ploughed  into  long  narrow  rid^s,  and  perpendi- 
cular to  the  road,  you  ^11  think  that  all  the  rid^  aie  turning 
round  in  a  direction  contrary  to  that  of  the  carriage. 

C,  You  have  alreiuiy  given  us  one  other  proof  of  the  rotation 
of  the  earth  on  its  axis,  which  although  it  was  not  self-evident, — 
I  mean  the  fiunous  pendulum  experiment, — but  required  po  spialt 
exercise  of  reason,  yet,  when  associated  with  all  this  other  evi- 
dence, it  cannot  fail  to  be  recognized  as  a  most  forcible  proof. 

T.  If  the  earth  (fig^  4.)  turns  on  its  a^is  ip  24  hours^  at  wh^t 
lite  will  any  part  of  the  equator  ▲  b  move  ? 
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C.  To  determine  this  we  must  find  the  measure  of  its  circum- 
ference, and  then,  dividing  this  by  24,  we  shall  get  the  number  of 
miles  passed  through  in  an  hour. 

T,  Just  so ;  now  call  the  semi-<iiameter  of  the  earth  4000  miles, 
which  b  rather  more  than  the  true  measure. 

J,  Multiplying  this  by  six'*'  Will  give  24,000  miles  for  the  cir^ 
cumference  of  the  earth  at  the  equator,  and  this,  divided  bv  24, 
gives  1000  miles  for  the  space  passed  through  in  an  hour,  oy  an 
inhabitant  of  the  equator. 

T,  You  are  right.  The  su^,  1  have  already  told  you,  b  95 
millions  of  miles  dbtant  from  the  earth ;  tell  me^  therefore, 
Charles,  at  What  rate  that  body  must  travel  to  go  round  the  earth 
in  24  hours. 

C,  I  will ;  95  millions  multiplied  by  6  will  give  570  millions 
of  miles  for  the  length  of  his  circuit ;  this  divided  by  24  gives 
nearly  24  millions  of  miles  for  the  space  he  must  travel  ih  an  hour, 
to  go  round  the  earth  in  a  day. 

T,  Which  now  b  the  more  probable  conclusion,  either  that 
the  earth  should  have  a  diurnal  motion  on  its  axis  of  1000  miles 
in  an  hour,  or  that  the  sun,  which  is  a  million  of  times  larger  than 
the  earth,  should  travel  24  millions  of  miles  in  the  same  time  ? 

J,  It  is  cerudnly  more  rational  to  conclude  that  the  earth  turns 
on  its  axb,  the  effect  of  which  you  told  us  was  the  alternate  suc- 
cession of  day  and  night. 

T,  I  did ;  and  on  thb  and  some  Other  topics  we  will  enlarge 
to-morrow* 


CONVERSATION  VIIL 
Of  Day  and  Night. 

J".  You  propose  now,  sir,  to  apply  the  rotation  of  the  earth 
about  its  axis  to  the  explanation  or  the  cause  of  day  and  night. 

T.  I  do ;  and  for  thb  purpose  suppose  g  b  c  b  (Jig,  5.)  to  be 
the  earth,  revolving  on  its  axis^  according  to  the  order  of  me  let- 
ters, that  b,  from  g  to  b,  b  to  c,  &c.  if  the  sun  be  fixed  in  the 
heavens  at  z,  and  a  line  h  o  be  drawn  through  the  centre  of  the 

*  If  the^  reader  would  be  accurate  in  his  calctdationBt  he  mtist  take  the  mean 
radius  of  the  earth  at  8966  miles,  and.this,  mnltiplied  by  6'28318,  will  eive  24,912 
miles  for  the  drcomference.  Throuifh  the  remainder  of  this  work,  the  decimals  in 
multiplication  are  omitted,  in  order  that  the  mind  may  not  be  burdened  with  odd 
numbers.  It  seemed  necessary,  however,  in  this  place,  to  g^ive  the  true  semi« 
diameter  of.  the  earth,  and  the  number  (accurate  to  five  places  of  decimals),  bv 
which,  if  the  radius  of  any  circle  be  multiplied,  the  circumference  is  obtainecl. 
Hr.  Playfair  makes  the  longest  semi-diameter  of  the  earth  to  be  3962i  miles,  and 
the  shorter  3949i  miles. 
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earth  T,  it  will  represent  that  circle,  which,  when  extended  to  the 
heavens,  is  called  the  rational  horizon, 

C,  In  what  does  this  dififer  from  the  sensible  horizon  f 
jT.  The  sensible  horizon  is  that  circle  in  the  heavens  which 
bounds  the  spectator's  view,  and  which  is  greater  or  less,  accord- 
ing as  he  stands  higher  or  lower.  For  example :  an  eye  placed  at 
five  feet  above  the  surface  of  the  earth  or  sea  sees  21  miles  every 
way ;  but  if  it  be  at  20  feet  hi^h,  that  is,  4  times  the  height,  it 
will  see  5 J  miles,  or  twice  the  distance. 

C.  Then  the  sensible  differs  from  the  rational  horizon  in  this, 
that  the  former  is  seen  from  the  surface  of  the  earth,  and  the  hUer 
is  supposed  to  be  viewed  from  its  centre. 

T.  xou  are  right ;  and  the  rising  and  setting  of  the  sun  and 
stars  are  always  referred  to  the  rational  horizon. 

J.  Why  so  ?  They  appear  to  rise  and  set  as  soon  as  they  ^i 
above,  or  sink  below,  that  boundary  which  separates  the  visible 
from  the  invisible  part  of  the  heavens. 

T,  They  do  not,  however;  and  the  reason  is  this,  that  the 
distance  of  the  sun  and  fixed  stars  is  so  great  in  comparison  with 
4000  miles  (the  difference  between  the  surface  and  centre  of  the 
earth),  that  it  can  scarcely  be  taken  into  account. 

C.  But  4000  miles  seem  to  me  an  immense  space. 

T.  Considered  separately,  they  are  so:  but  when  compared 
with  95  millions  of  miles  (the  distance  of  the  sun  from  the  earth), 
they  become  a  small  number* 

J.  But  do  the  rising  and  setting  of  the  moon,  wluch  is  at  the  dis- 
tance of  240  thousand  miles  only,  respect  also  the  rational  horizon  ? 

T,  Certainly ;  for  4000  compared  with  240  thousand,  bear  only 
the  proportion  of  1  to  60.  Now  if  two  spaces  were  marked  out  on 
the  earth  in  different  directions,  the  one  60  and  the  other  61  yards, 
should  you  at  once  be  able  to  distinguish  the  greater  from  the  less? 

(7.  I  think  not. 

T,  Just  in  the  same  manner  does  the  distance  of  the  centre 
fixKD  the  surface  of  the  earth  vanish  in  comparison  of  its  distance 
from  the  moon.  There  is  a  difference,  however,  connected  with 
what  astronomers  called  parallax;  but  this  is  not  the  time  to  ex- 
plain that  peculiarity. 

J,  No ;  our  present  business  is  with  the  succession  of  day  and 

lUgfat. 

T,  Well,  then ;  if  the  sun  be  supposed  at  z,  it  will  illuminate, 
by  its  rays,  all  that  part  of  the  earth  that  is  above  the  horizon 
H  o.  To  the  inhabitants  at  g,  its  western  boundary,  it  will  appear 
just  rising ;  to  those  situated  at  b,  it  will  be  noon ;  and  to  those 
in  the  eastern  part  of  the  horizon,  c,  it  will  be  setting. 

(7.  I  see  clearly  why  it  should  be  noon  to  those  who  live  at  b, 
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because  the  sun  is  just  over  their  heads ;  but  it  is  not  so  evident 
why  the  sun  must  appear  rising  and  setting  to  those  who  are  at 
G  and  c. 

T.  You  are  satisfied  that  a  spectator  cannot  from  any  place 
observe  more  than  a  semicircle  of  the  heavens  at  any  one  time ; 
now  what  part  of  the  heavens  will  the  spectator  at  g  observe  ? 

J.  He  will  see  the  concave  hemisphere  z  o  n. 

T.  The  boundary  to  his  view  will  be  n  and  z,  will  it  not  ? 

C,  Yes :  and  consequently  the  sun,  at  z,  will  to  him  be  just 
coming  into  sight. 

T,  Then,  by  the  rotation  of  the  earth,  the  spectator  at  g  will 
in  a  few  hours  come  to  b,  when,  it  will  be  noon  ;  and  those  who 
live  at  B  will  have  descended  to  c  ;  now  what  part  of  the  heavens 
will  they  see  in  this  situation  ? 

J,  The  concave  hemisphere  w  h  z,  and  z  being  the  boundary 
of  their  view  one  way,  the  sun  will  appear  to  be  setting. 

T,  Just  so.  After  which  they  will  be  turned  away  from  the 
sun,  and  consequently  it  will  be  night  to  them  till  they  come 
again  to  g.  Thus  by  this  simple  motion  of  the  earth  on  its  axis, 
every  part  of  it  is  by  turns  enlightened  and  warmed  by  the  cheer- 
ing beams  of  the  sun. 

C,  Does  this  motion  of  the  earth  account  also  for  the  apparent 
motion  of  the  fixed  stars  ? 

T,  It  is  owing  to  the  rotation  of  the  earth  upon  its  axis,  that  we 
imagine  the  whole  starry  firmament  revolves  about  the  earth  in 
24  hours. 

J,  If  the  heavens  appear  to  turn  on  an  axis,  must  there  not  be 
two  points,  namely,  the  extremities  of  that  imaginary  axis  which 
always  keep  their  position  ? 

T,  Yes ;  we  must  be  understood  to  except  the  two  celestial 
poles,  which  are  opposite  to  the  poles  of  the  earth :  consequently 
each  fixed  star  appears  to  describe  a  greater  or  less  circle  round 
these,  according  as  it  is  more  or  less  remote  from  those  celestial  poles. 

cA.  If  every  part  of  the  heavens  be  thus  adorned,  why  do  we  not 
see  the  stars  in  the  day,  as  well  as  the  night  ? 

jT.  Because  in  the  daytime  the  sun's  rays  are  so  powerful  as 
to  render  thou  which  come  from  the  fixed  stars  invisible.  But 
if  you  ever  happen  to  go  down  into  any  very  deep  mine  or  coal- 
pit, where  the  rays  of  the  sun  cannot  reach  the  eye,  and  it  be  a 
clear  day,  you  may,  by  looking  up  at  the  heavens,  see  the  stars  at 
noon  as  well  as  in  the  night. 

(7.  If  the  earth  always  revolves  on  its  axis  in  24  hours,  why 
does  the  length  of  the  days  and  nights  differ  in  different  seasons  of 
theyear  ? 
.    2;  This  depends  on  other  causes  connected  with  the  earth's 
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mmual  joumiey  round  the  sun,  upon  which  we  will  <!onverse  the 
next  time  we  meet. 


CONVERSATION  IX. 

0/  the  Annual  Motion  of  the  Earths 

T.  Besides  the  diurnal  motion  of  the  earth,  by  which  the  suo- 
oession  of  day  and  night  is  produced,  it  has  another,  called  its 
annual  motion,  which  is  the  journey  it  performs  round  the  sun  in 
865  days,  6  hours,  9  minutes,  and  which  is  the  cause  of  the  dif- 
ferent lengths  of  the  days  and  nights,  and  consequently  of  the 
different  seasons,  viz..  Spring^  Summer,  Autumn,  and  Winter, 

J,  How  is  it  known  that  the  earth  makes  this  annual  journey 
round  the  sun  ? 

jT.  I  told  you  yesterday  that,  through  the  shaft  of  a  very  deep 
mine,  the  stars  are  visible  in  the  day  as  well  as  in  the  night. 
They  are  also  visible  in  the  daytime,  by  means  of  a  telescope 
.  properly  fitted  up  for  the  purpose ;  by  this  method,  the  sun  and 
stars  are  visible  at  the  same  time.  Now  if  the  sun  be  seen  in  a 
line  with  a  &:ed  star  to  day  at  any  particular  hour,  it  will  in  a  few 
weeks  b^  the  motion  of  the  earth,  be  found  considerably  to  the 
east  of  him ;  and  if  the  observations  be  continued  through  the  year, 
we  shall  be  able  to  trace  him  round  the  heavens  to  the  same  fixed 
star  from  which  we  set  out ;  consequently  the  sun  must  have  made 
a  journey  round  ihe  earth  in  that  time,  or  vice  versa, 

C.  And  the  sun  being  a  million  times  larger  than  the  earth, 
you  will  say  that  it  is  more  natural,  that  the  smaller  body  should 
go  round  the  larger,  than  the  reverse. 

T.  That  is  a  proper  argument ;  but  it  may  be  stated  in  a  much 
stronger  manner.  The  sun  and  earth  mutually  attract  one  another, 
and  since  they  are  in  equilihrio  by  this  attraction,  you  know,  their 
momenta  must  be  equaP,  therefore  the  earth,  being  the  smaller 
body,  makes  up  by  its  motion  what  it  wants  in  quantity  of  matter, 
and  of  course  it  is  that  which  performs  the  journey. 

J,  But  if  you  refer  to  the  principle  of  the  lever,  to  explain  the 
mutual  attraction  of  the  sun  and  earth,  it  is  evident  that  both 
bodies  must  turn  round  some  point  as  a  common  centre. 

T,  They  do ;  and  that  is  the  common  centre  of  gravity  of  the 
two  bodies.  Now  this  point  between  the  earth  and  sun  is  within 
the  surface  of  the  latter  body. 

C.  I  understand  how  this  is;  because  the  centre  of  gravity 
between  any  two  bodies  will  be  as  much  nearer  to  the  centre 

*  See  Meehanice,  Convenation  XIV. 
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of  the  larger  body  than  to  that  of  the  smaller,  as  the  former  con- 
tains a  greater  quantity  of  matter  than  the  latter. 

T.  You  are  nght ;  but  you  will  not  conclude  that,  because  the 
sun  is  a  million  of  times  larger  than  the  earth,  therefore  it  contahis 
a  quantity  of  matter  a  million  Of  times  greater  than  that  contained 
m  the  earth. 

J,  Is  it  then  known  that  the  earth  is  composed  of  matter  more 
dense  than  that  which  composes  the  body  of  the  sun  ? 

T,  The  earth  is  composea  of  matter  four  times  denser  than  that 
of  the  sun :  and  hence  the  quantity  of  matter  in  the  sun  is  between 
two  and  three  hundred  thousand  times  greater  than  that  which  is 
contained  in  the  earth. 

C  Then  for  the  momenta  of  these  two  bodies  to  be  eoual,  the 
velocity  of  the  earth  must  be  between  two  and  three  hundred 
thousand  times  greater  than  that  of  the  sun. 

T,  Just  so :  and  to  effect  this,  the  centre  of  gravity  l?etween 
the  sun  and  earth  will  be  as  much  nearer  to  the  centre  of  the  sun 
than  it  is  to  the  centre  of  the  earth,  as  the  former  body  contains  a 
greater  quantity  of  matter  than  the  latter :  and  hence  it  is  found 
to  be  several  thousand  miles  within  the  surface  of  the  sun. 

J,  I  now  clearly  perceive,  that  since  one  of  these  bodies  re- 
volves about  the  other  in  the  space  of  a  year,  and  that  they  both 
move  round  their  common  centre  of  gravity,  that  it  must  of 
necessity  be  the  earth  which  revolves  about  the  sun,  and  not  the 
sun  round  the  earth. 

T,  Your  inference  is  just  To  suppose  that  the  sun  moves 
round  the  earth  is  as  absurd  as  to  maintain  that  a  millstone  could 
be  made  to  move  round  a  pebble. 


CONVERSATION  X. 

Of  the  Seasons, 

T,  I  will  now  show  you  how  the  difierent  seasons  are  produced 
by  the  annual  motion  of  the  earth. 

J,  Upon  what  do  they  depend,  sir  ? 

T,  The  variety  of  the  seasons  depends,  1st,  upon  the  length 
of  the  days  and  nights,  and,  2ndly,  upon  the  position  of  the  earth 
with  respect  to  the  sun. 

C,  But  if  the  earth  turn  round  its  imaginary  axis  every  24 
hours,  ought  it  not  to  enjoy  equal  days  and  nights  all  the  year  ? 

T,  This  would  be  the  case  if  the  axis  of  the  earth  n  s  were 
perpendicular  to  a  line  c  s  drawn  through  the  centres  of  the  sun 
and  the  earth ;  for  then,  as  the  sun  always  enlightens  one  half 
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(?the  earth  by  its  rays,  and  as  it  is  day  at  any  given  place  on  the 
globe,  so  long  as  that  place  continues  in  the  enlightened  hemi- 
sphere, every  part,  except  the  two  poles,  must,  during  its  rotation 
on  its  axis,  be  one  half  of  its  time  m  the  light,  and  the  other  half 
in  darkness :  or,  in  other  words,  the  days  and  nights  would  be 
equal  to  all  the  inhabitants  of  the  earth,  excepting  to  those,  if 
any,  who  live  at  the  poles. 


FIg.S. 

J,  Why  do  you  except  the  people  at  the  poles  ? 

T,  Because  the  view  of  the  spectator  situated  at  the  poles  n  and 
8,  must  be  bounded  by  the  line  c  s ;  consequently  the  sun  to  him 
would  never  appear,to  rise  or  set,  but  would  always  be  in  the  horizon. 

(7.  If  the  earth  were  thus  situated,  wOuld  the  rays  of  the  sun 
always  falls  vertically  on  the  same  part  of  it  ? 

T,  They  would ;  and  that  part  would  be  E  Q  the  equator, 
and  as  we  shall  presently  show,  the  heat  excited  by  the  sun 
being  greater  or  less  in  proportion  as  its  rays  come  more  or  less 
perpendicularly  upon  any  body,  the  parts  of  the  earth  about  the 
equator  would  be  scorched  up,  while  those  beyond  40  or  50  de- 
grees on  each  side  of  that  line  and  the  poles  would  be  desolated 
by  an  unceasing  winter. 

J,  In  what  manner  is  this  prevented  ? 

T,  By  the  axis  of  the  earth  k  s  being  inclined  or  sloped  about  23 
degrees  and  a  half  out  of  the  perpendicular.  In  this  case  you  observQ 


Fig.  7. 

that  all  the  parallel  circles,  except  the  equator,  are  divided  into  two 
unequal  parts  having  a  greater  or  less  portion  of  their  circumfe* 
rences  in  the  enlightened  than  in  the  dark  hemisphere,  according  to 
thdr  situation  with  respect  to  n  the  north,  or  s  the  south  pole. 
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C,  At  what  season  of  the  year  is  the  earth  represented  in  this 
figure? 

T,  At  our  summer  season ;  for  you  observe  that  the  parallel 
<nrcles  in  the  northern  hemisphere  have  their  greater  parts  en- 
lightened, and  their  smaller  parts  in  the  dark.  If  d  l  represent 
that  circle  of  latitude  on  the  globe  in  which  Great  Britain  is 
atuated,  it  is  evident  that  about  two  thirds  of  it  is  in  the  light, 
and  only  one  third  in  darkness. 

You  will  remember  that  parallels  of  latitude  are  supposed  cir- 
des  on  the  surfate  of  the  earth,  and  are  shown  by  real  circles  on 
its  reprpsentative,  the  terrestrial  globe,  drawn  parallel  to  the 
equator. 

J,  Is  that  the  reason  why  our  days  towards  the  middle  of  June 
are  16  hours  long,  and  the  nights  but  8  hours  ? 

T,  It  is ;  and  if  you  look  ta  the  parallel  next  beyond  that 
marked  d  li,  you  will  see  a  still  greater  disproportion  between  the 
day  and  night,  and  the  parallel  more  north  than  this  is  entirely  in 
the  light 

C,  Is  it  then  always  day  there  ? 

T,  To  the  whole  space  between  that  and  the  pole  it  is  con- 
tinual day  for  some  time,  the  duration  of  which  is  in  proportion 
to  its  vicinity  to  the  pole ;  and  at  the  pole  there  is  a  permanent 
daylight  for  six  months  together. 

J.  And  during  that  time  it  must,  I  suppose,  be  night  to  the 
people  who  Hve  at  the  south  pole  ? 

2.  Yes ;  the  figure  shows  that  the  south  pole  is  in  darkness ; 
and  YOU  may  observe  that,  to  the  inhabitants  living  in  equal 
parallels  of  latitude  the  one  north  and  the  other  south,  the  length 
of  the  days  to  the  one  will  be  always  equal  to  the  length  of  the 
nights  to  the  other^ 

C,  What,  then,  shall  we  say  to  those  who  live  at  the  equator, 
And,  consequently,  who  have  no  latitude  ? 

T,  To  them  the  days  and  nights  are  always  equal,  and  of 
course  twelve  hours  each  in  length,  and  this  is  also  evident  from 
the  figure ;  for  in  every  position  of  the  globe  one  half  of  the 
equator  is  in  the  light,  and  the  other  half  in  darkness, 

J.  If,  then,  the  length  of  the  days  is  the  cause  of  the  difierent 
seasons,  there  can  be  no  variety  in  this  respect  to  those  who  Myq 
at  the  equator  ? 

T,  You  seem  to  forget  that  the  change  in  the  seasons  depends 
upon  the  position  of  the  earth  with  respect  to  the  sun,  that  is, 
upon  the  perpendictdarity  with  which  the  rays  of  light  fall  upon 
any  particular  part  of  the  earth,  as  well  as  upon  the  length  of  days. 

C,  Indeed  I  did ;  but  does  that  make  any  material  difference 
with  regard  to  the  heat  of  the  sun? 
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J*,  It  does ;  let  A  b  represent  a  portion  of  the  earth's  surface  on 
AS  - — f§^     which  ihe  sun's  rays  fall  perpendi- 

I  '^^l^^  'cularly ;  let  b  c  represent  an  equal 

*"  ^^   portion  on  which  they  fall  obliquely 

or  aslant.    It  is  manifest  that  b  c  in 
the  positicm  of  the  figure,  though  it 
Fig.  8.  be  equal  to  a  b,  receives  but  half 

the  light  and  heat  that  a  b  does.  Moreover,  by  the  sun's  rays 
coming  more  perpendicularly,  they  come  with  greater  force,  as 
well  as  in  greater  numbers,  on  the  same  place. 


CONVERSATION  XI. 

Of  the  Seasons^ 

T,  If  yon  now  take  a  view  of  the  earth  in  its  annual  course 
round  die  sun,  considering  its  axis  as  inclined  23^  degrees  to  a 
line  perpendicular  to  its  orbit,  and  keeping,  through  its  whole 
journey,  a  direction  parallel  to  itself,  you  will  find  that,  accord- 
ing as  the  earth  is  in  different  parts  of  its  orbit,  the  rays  of  the 
sun  are  presented  perpendicularly  to  the  equator,  and  to  every 
point  t>f  the  globe,  within  23^  degrees  -of  it  both  north  and  south. 


N1?* 


The  figure  represents  the  earth  in  four  different  parts  of  its 
orbit,  or  as  it  is  situated  with  respect  to  the  sun  in  the  months  of 
liarcb,  June,  September,  and  December. 
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C.  The  earth's  orbit  is  not  made  circular  in  the  figure. 

T.  No ;  but  the  orbit  itself  is  nearly  circular :  we  are,  how- 
ever, supposed  to  view  it  from  the  side  b  d,  and  therefore,  lliough 
almost  a  circle,  it  appears  to  be  a  long  ellipse.  All  circles  appear 
elliptical  in  an  oblique  view,  as  is  evident  by  looking  obliquely 
at  the  rim  of  a  basin  at  some  distance  from  you.  For  the  true 
figure  of  a  circle  can  only  be  seen  when  the  eye  is  directly  over 
its  centre.    You  observe  that  the  sun  is  not  in  the  centre. 

J,  I  do ;  and  it  appears  nearer  to  the  earth  in  winter  than  in 
the  summer. 

T.  We  are  indeed  more  than  three  millions  of  miles  nearer  to 
the  sun  in  December  than  we  are  in  June. 

C,  Is  this  possible,  when  our  winter  is  so  much  colder  than 
the  summer  ? 

T,  Notwithstanding  this,  it  is  a  welUcnown  fact :  for  it  is  as- 
certained that  our  summer,  that  is,  the  time  that  passes  between 
the  vernal  and  autumnal  equinoxes,  is  nearly  eight  days  longer 
than  our  winter,  or  the  time  between  the  autumnal  and  vernal 
equinoxes,  Consequently  the  motion  of  the  earth  is  slower  in 
the  former  case  than  in  the  latter ;  and  therefore,  as  we  shall  see, 
it  must  be  at  a  greater  distance  from  the  sun.  Again,  the  sun's 
apparent  diameter  is  greater  in  our  winter  than  in  summer ;  but 
the  apparent  diameter  of  any  object  increases  in  proportion  as  our 
distance  from  the  object  is  diminished,  and  therefore  we  conclude 
that  we  are  nearer  the  sun  in  winter  than  in  summer^  The  sun's 
apparent  diameter  on  January  1st  is  32^  35";  on  July  1st, 
31 .  30'. 

J,  But  if  the  earth  is  farther  from  the  sun  in  supamer  than  in 
winter,  why  are  our  winters  so  much  colder  than  our  summers  ? 

T.  Because  first,  in  the  summer,  the  sun  rises  to  a  much 
greater  height  above  our  horizon,  and  therefore,  its  rays  coming 
more  perpendicularly,  a  greater  number  of  them,  as  I  showed 
you  yesterday,  must  fall  upon  the  surface  of  the  earth,  and  they 
come  also  with  greater  force ;  which  are  the  principal  causes  of 
our  great  summer's  heat.  Secondly,  in  the  summer,  the  days  are 
very  long,  and  the  nights  short ;  therefore  the  earth  and  air  are 
heated  by  the  sun  in  the  day  more  than  they  are  cooled  in  the 
night.  And  you  must  also  remember  that  while  it  is  summer 
with  us,  it  is  winter  elsewhere.  So  that  your  objection  is  not  a 
good  one,  even  if  it  were  sound. 

J,  But  why  have  we  not  the  greatest  heat  at  the  time  when 
the  days  are  longest? 

T,  The  hottest  season  of  the  year  is  certainly  a  month  or  two 
9!heT  this,  which  may  be  thus  accounted  for.  A  body  once 
heated  does  not  become  co]d  again  inst^mtaneously,  but  ^duf 
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•Oy :  now,  as  long  as  more  heat  comes  from  the  sun  in  the  day 
than  is  lost  in  the  night,  the  heat  of  the  earth  and  air  will  be 
daily  increasing ;  and  this  will  evidently  be  the  case  for  some 
weeks  after  the  longest  day,  both  on  account  of  the  number  of 
rays  which  fall  on  a  given  space,  and  also  from  the  perpendicular 
direction  of  those  rays. 

cTl  Will  you  now  explain  to  us  in  what  manner  the  seasons  are 
produced  ? 

T.  By  referring  to  the  last  figure,  you  will  observe,  that  in  the 
month  of  June,  the  north  pole  of  the  earth  inclines  towards  the 
sun,  and  consequently  brings  all  the  northern  parts  of  the  globe 
more  into  light  than  at  any  other  time  of  the  year. 
C,  Then  to  the  people  of  those  parts  it  is  summer  ? 
T,  It  is ;  but  in  December,  when  the  earth  is  in  the  opposite 
part  of  its  orbit,  the  north  pole  declines  from  the  sun,  which 
occasions  the  northern  places  to  be  more  in  the  dark  than  in  the 
light ;  and  the  reverse  at  the  southern  places, 

J,  Is  it  then  summer  to  the  inhabitants  of  the  southern  hemi* 
sphere? 

T,  Yes,  it  is ;  and  winter  to  us.  In  the  months  of  March 
and  September,  the  axis  of  the  earth  does  not  incline  to,  nor 
decline  from,  the  sun,  but  is  perpendicular  to  a  line  drawn  from 
its  centre.  And  then  the  poles  are  in  the  boundary  of  light  and 
darkness,  and  the  sun  being  directly  vertical  to,  jor  over  the 
equator,  makes  equal  day  and  night  at  all  places.  Now  trace  the 
annual  motion  of  the  earth  in  its  orbit  for  yourself,  as  it  is  repe-* 
sented  in  the  figure. 

C  I  will,  sir ;  about  the  20th  of  March  the  earth  is  in  libra, 
and  consequently  to  its  inhabitants  the  sun  will  appear  in  Aries, 
and  be  vertical  to  the  equator. 

T,  Then  the  equator  and  all  its  parallels  are  equally  divided 
between  the  light  and  dark. 

C.  Consequently  the  days  and  nights  are  equal  all  over  the 
world.  As  tne  earth  pursues  its  journey  from  March  to  June,  its 
northern  hemisphere  comes  more  into  light,  and  on  the  21st  of 
that  month  the  sun  is  vertical  to  the  tropic  of  Cancer. 

T,  You  then  observe,  that  all  the  circles  parallel  to  the  equator 
are  unequally  divided ;  those  in  the  northern  half  have  their 
greater  portions  in  the  light,  and  those  in  the  southern  half  have 
their  larger  portions  in  darkness. 

(7,  Yes ;  and,  of  course,  it  is  summer  to  the  inhabitants  of  the 
northern  hemisphere,  and  winter  to  those  in  the  southern. 

I  now  trace  it  to  September,  when  I  find  the  sun  vertical  again 
to  the  equator,  and,  of  course,  the  days  and  nights  are  again  equal. 
And  following  the  earth  in  its  journey  to  December,  or  when  it 
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has  arrived  at  Cancer,  the  sun  appears  in  Capricorn,  and  is  ver- 
tical to  that  part  of  the  earth  called  the  tropic  of  Capricorn,  and 
DOW  the  southern  pole  is  enlightened,  and  all  the  circles  on  that 
hemisphere  have  their  larger  parts  in  light ;  and,  of  course,  it  is 
summer  to  those  parts,  and  winter  to  us  in  the  northern  hemi- 
sphere. The  9th  column  in  the  Ephemeris,  or  the  Sun*s  longi- 
tude, shows  its  daily  position. 

T,  Can  you,  James,  now  tell  me  why  the  days  lengthen  and 
shorten  from  the  equator  to  the  polar  circles  every  year  ? 

J.  I  will  try  to  explain  myself  on  the  subject.  Because  the 
gun  in  March  is  vertical  to  the  equator,  and  from  that  time  to  the 
21st  of  June  it  becomes  vertical  successively  to  all  other  parts  of 
the  earth  between  the  equator  and  the  tropic  of  Cancer ;  and  in 
proportion  as  it  becomes  vertical  to  the  more  northern  parts  of 
the  earth,  it  declines  from  the  southern,  and,  consequently,  to  the 
former  the  days  lengthen,  and  to  the  latter  they  shorten.  From 
June  to  September,  the  sun  is  again  vertical  successively  to  aiH 
the  same  parts  of  the  earth,  but  in  a  reverse  order. 

C.  Since  it  is  summer  to  all  those  parts  of  the  earth  where  the 
sun  is  vertical,  and  we  find  that  the  sun  is  vertical  twice  in  the 
year  to  the  equator,  and  every  part  of  the  globe  between  the 
equator  and  tropics,  there  must  be  also  two  summers  ia  a  year  to 
all  those  places  ? 

T,  There  are ;  and  in  those  parts  near  the  equator  they  have 
two  harvests  every  year.  But  let  your  brother  finish  his  descrip- 
tion. 

J,  From  September  to  December  it  is  successively  vertical  to 
all  the  parts  of  the  earth  i^tuated  between  the  equator  and  the 
tropic  of  Capricorn,  which  4s  also  the  cause  of  the  lengthening  of 
the  days  in  the  southern  hemisphere,  and  of  their  becoming 
shorter  in  the  northern. 

T,  Can  you,  Charles,  tell  me  why  there  is  sometimes  no  day 
or  night  for  some  little  time  together  within  the  polar  circles  ? 

C,  The  sun  always  shines  upon  the  earth  90  degrees  every 
way,  and  when  he  is  vertical  to  the  tropic  of  Cancer,  which  is  29^ 
degrees  north  of  the  equator,  he  must  shine  the  same  nimiber  of 
degrees  beyond  the  pole,  or  to  the  polar  circle ;  and  while  he 
thus  shines  there  can  be  ho  night  to  tne  people  within  that  polar 
circle ;  and,  of  course,  to  the  inhabitmits  at  the  southern  polar 
circle  there  can  be  no  day  at  the  same  time ;  for,  as  the  sun's 
rays  reach  but  .90  degrees  every  way,  they  cannot  shine  far 
enough  to  reach  them. 

jr..Tell  me,  now,  why  there  is  but  one  day  and  night  in  the 
whole  year  at  the  poles  r 

<7.  For  the  reason  which  I  have  just  given,  the  sun  must  sh)ne 
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heyond  the  north  pole  all  the  time  he  is  vertical  to  those  parts  of 
the  earth  situated  between  the  equator  and  the  tropic  of  Cancer, 
that  is,  from  March  the  21st  to  September  the  20th,  during  which 
time  there  can  be  no  night  at  the  north  polC;,  nor  any  day  at  the 
south  pole.  The  reverse  of  this  may  be  applied  to  the  southern 
pole. 

J.  I  understand  now,  that  the  lengthening  and  shortening  of 
the  days,  and  different  seasons,  are  produced  by  the  annual 
motion  of  the  earth  round  the  sun  ;  the  axis  of  the  earth,  in  all 
parts  of  its  orbit,  being  kept  parallel  to  itself. 

C.  But  if  the  axis  of  the  earth  is  thus  parallel  to  itself,  how 
can  it  in  all  positions  point  to  the  pole-star  in  the  heavens  ? 

T.  Because  the  diameter  of  the  earth's  orbit  a  c  is  as  nothing 
in  comparison  with  the  distance  of  the  earth  from  the  fixed  stars. 
Suppose  you  draw  two  parallel  lines,  at  the  distance  of  three  or 
four  yards  from  one  another,  will  they  not  both  point  to  the  moon 
when  she  is  in  the  horizon  ? 

J,  Yes,  certainly  ;  for  three  or  four  yards  cannot  be  accounted 
as  anything,  in  comparison  of  240  thousand  miles,  the  distance  of 
the  moon  n'om  us. 

T.  Perhaps  three  yards  bear  a  much  greater  proportion  to  240 
thousand  miles  than  190  millions  of  miles  bear  to  our  distance 
from  the  polar  star. 


CONVERSATION    XII. 

Of  the  Equation  of  Time. 

T.  You  are  now,  I  presume,  acquainted  with  the  motions  pecu- 
liar to  this  globe,  on  which  we  live  ? 

C,  Yes :  it  1ms  first  a  rotation  on  its  axis  from  west  to  east 
every  24  hours,  by  which  day  and  night  are  produced,  and  also 
the  apparent  diurnal  motion  of  the  heavens  from  east  to  west. 

J. '  The  other  is  its  annual  revolution  in  an  orbit  round  the  sun, 
likewise  from  west  to  east,  at  the  distance  of  about  95  millions  of 
miles  from  the  sun. 

T,  We  will  now  proceed  to  investigate  another  curious  subject, 
viz.  the  equation  of  time,  and  to  explain  to  you  the  difierence 
between  equal  or  mearif  and  apparent  time. 

C.  Will  you  tell  us  what  you  mean  by  the  words  equal  and 
apparent,  as  applied  to  time  ? 

T,  Equal  or  Tnean  time  is  measured  by  a  clock,  that  is  sup- 
posed to  go  without  any  variation,  and  to  measure  exactly  twenty- 
four  hours  from  noon  to  noon ;  and  apparent  time  is  measured  by 
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the  apparent  motion  of  the  sun  in  the  heavens,  or  by  a  good  sun- 
dial. 

O,  And  what  do  you  mean,  sir,  by  the  equation  of  time  ? 

T,  It  is  the  adjustment  of  the  difference  of  time,  as  shown  by  a 
well-regulated  clock  and  a  true  sun-dial. 

J,  Upon  what  does  this  difference  depend  ? 

T,  It  depends,  first,  upon  the  inclination  of  the  earth's  axis ; 
and,  secondly,  upon  the  elliptic  form  of  the  earth's  orbit ;  for,  as 
we  have  already  seen,  the  earth's  orbit  being  an  ellipse,  its  motion 
is  quicker  when  it  is  in  perihelion,  or  nearest  to  the  sun:  and 
slower  when  it  is  in  aphelion,  or  farthest  from  the  sun. 

C.  But  I  do  not  yet  comprehend  what  the  rotation  of  the  earth 
has  to  do  with  the  going  of  a  watch  or  clock. 

T,  The  rotation  of  the  earth  is  the  most  equable  and  uniform 
motion  in  nature,  and  is  completed  in  23  hours,  56  minutes,  and 
4  seconds:  this  space  of  time  is  called  a  sidereal  day,  because 
any 'meridian  on  the  earth  will  revolve  from  a  fixed  star  to  that 
star  again  in  this  time.  But  a  solar  or  natural  day,  which  our 
clocks  are  intended  to  measure,  is  the  time  that  any  meridian  on 
the  earth  will  take  in  revolving  from  the  sun  to  the  sun  again, 
which  is  about  24  hours,  sometimes  a  little  more,  but  oftener 
less. 

J,  What  occasions  this  difference  between  the  solar  and  sidereal 
day? 

T,  The  distance  of  the  fixed  stars  is  so  great,  that  the  diameter 
of  the  earth's  orbit,  though  190  millions  of  miles,  is,  when  com- 
pared with  it,  but  a  point,  and  therefore  any  meridian  on  the  earth 
will  revolve  from  a  fixed  star  to  that  star  again  in  exactly  the  same 
time,  as  if  the  earth  had  only  a  diurnal  motion  and  remained 
always  in  the  same  part  of  its  orbit.  But  with  respect  to  the  sun, 
;as  the  earth  advances  almost  a  degree  eastward  in  its  orbit,  in  the 
same  time  that  it  turns  eastward  round  its  axis,  it  must  make 
Inore  than  a  complete  rotation  before  it  can  come  into  the  same 
position  with  the  sun  that  it  had  the  day  before.  In  the  same 
-way,  as  when  both  the  hands  of  a  clock  or  watch  set  off  together 
at  twelve  o'clock,  the  minute-hand  must  travel  more  than  a  whole 
circle  before  it  will  overtake  the  hour-hand,  that  is,  before  they 
will  be  in  the  same  relative  position  again.  Thus  the  sidereal 
days  are  shorter  than  the  solar  ones  by  about  four  minutes,  as  is 
evident  from  observation. 

C,  Still  I  do  not  understand  the  reason  why  the  clocks  and 
dials  do  not  agree. 

T,  A  good  clock  is  intended  to  measure  that  equable  and  uni- 
form time  which  the  rotation  of  the  earth  on  its  axis  exhibits ; 
whereas  the  dial  measures  time  by  the  apparent  motion  of  the  sun, 
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which,  as  we  have  explained,  is  subject  to  variation.  Or  thus : 
though  the  earth's  motion  on  its  axis  be  perfectly  uniform,  and 
consequently  the  rotation  of  the  equator  is  likewise  equable,  yet 
we  measure  the  length  of  the  natural  day  by  means  of  the  sun, 
whose  apparent  annual  motion  is  not  in  the  equator,  or  any  of  its 
parallels,  but  in  the  ecliptic,  which  is  oblique  to  it. 

J.  Do  you  mean  that  the  equator  of  the  earth,  in  its  annual 
journey,  is  not  always  directed  towards  the  centre  of  the  sun? 

T,  I  do  ;  twice  only  in  the  year,  a  line  drawn  from  the  centre 
of  the  sun  to  that  of  the  earth  passes  through  those  points  where 
the  equator  and  ecliptic  cross  one  another ;  at  all  other  times  it 
passes  through  some  other  part  of  that  oblique  circle,  which  is 
represented  on  the  globe  by  the  ecliptic  line.  Now  when  it 
passes  through  the  equator  or  the  tropics,  which  are  circles 
parallel  to  the  equator,  the  sun  and  clocks  go  together,  as  far  as 
regards  this  cause ;  but  at  other  times  they  differ,  because  equal 
portions  of  the  ecliptic  pass  over  the  meridian  in  unequal  parts  of 
the  time,  on  account  of  its  obliquity. 

C  Can  you  explain  this  by  a  figure  ? 

T.  It  is  easily  shown  by  the  globe  this  figure  T  n  :£i:  s  may 
represent ;  qp  ^  will  be  the  equa- 
tor, qp  ©  :A;  the  northern  half  of 
the  ecliptic,  and  qp  Yf  ^  the 
southern  half.  Make  chalk  or 
pencil  marks  a,  &,  c,  d^  e,  /,  g,  h, 
all  round  the  equator  and  ecliptic, 
at  equal  distances  (suppose  20  de- 
grees) from  each  other,  beginning 
at  Aries.  Now,  by  turning  the 
globe  on  its  axis,  you  will  perceive 
that  all  the  marks  in  the  first  quad- 
rant of  the  ecliptic,  that  is,  from 
Aries  to  Cancer,  come  sooner  to  the 
brazen  meridian,  than  their  corresponding  marks  on  the  equator ; 
those  from  the  beginning  of  Cancer  to  Libra  come  later ;  those 
from  Libra  to  Capricorn  sooner;  and  those  from  Capricorn  to 
Aries  later. 

Now,  time  is  measured  by  the  sun-dial  as  represented  by  the 
marks  on  the  ecliptic ;  that  measured  by  a  good  clock,  by  those 
on  the  equator. 

C\  Then,  while  the  S!m  is  in  the  first  and  third  quarters,  or, 
what  is  the  same  thing,  while  the  earth  is  travelling  through  the 
second  and  fourth  quarters,  that  is,  from  Cancer  to  Libra,  and 
from  Capricorn  to  Aries,  the  sun  is  faster  than  the  clocks,  and 
while  it  is  travelling  the  other  two  quarters  it  is  slower. 


Fig.  10. 
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T,  Just  SO :  because,  while  the  earth  is  travelling  through  the 
second  and  fourth  quadrants,  equal  portions  of  the  ecliptic  come 
sooner  to  the  meridian  than  their  corresponding  parts  of  the 
equator :  and  during  its  journey  through  the  first  and  third  quad- 
rants, the  equal  parts  of  the  ecliptic  arrive  later  at  the  meridian 
than  their  corresponding  parts  of  the  equator. 

J,  If  1  understand  what  you  have  been  saying,  the  dial  and 
clocks  ought  to  agree  at  the  equinoxes,  that  is,  on  the  20th  of 
March  and  the  23rd  of  September ;  but  if  I  refer  to  the  Ephe- 
meris,  I  find  that  on  the  former  day  the  clock  is  almost  8  minutes 
before  the  sun ;  and  on  the  latter  day  the  clock  is  almost  8 
minutes  behind  the  s^m. 

T,  If  this  difference  between  time  measured  by  the  dial  and 
clock  depended  only  on  the  inclination  of  the  earth's  axis  to  the 
plane  of  its  orbit,  the  clock  and  dial  ought  to  be  together  at  the 
equinoxes,  and  also  on  the  21st  of  June  and  the  21st  of  Decem- 
ber, that  IS,  at  the  summer  and  winter  solstices;  because,  on 
those  days,  the  apparent  revolution  of  the  sun  is  parallel  to  the 
equator.  But  I  told  you  there  was  another  cause  for  this  dif- 
ference. 

C.  You  did :  and  that  was  the  elliptic  form  of  the  earth's 
orbit. 

T,  If  the  earth's  motion  in  its  orbit  were  uniform,  which  it 
would  be  if  the  orbit  were  circular,  then  the  whole  difference 
between  equal  time  as  shown  by  the  clock,  and  apparent  time  as 
shown  by  the  sun,  would  arise  from  the  inclination  of  the  earth's 
axis.  But  this  is  not  the  case,  for  the  earth  travels  when  it  is 
nearest  the  sun,  that  is,  in  the  winter,  more  than  a  degree  in  24 
hours,  and  when  it  is  farthest  from  the  sun,  that  is,  in  summer, 
less  than  a  degree  in  the  same  time ;  consequently  from  this 
cause  the  natural  day  would  be  of  the  greatest  length  when  the 
earth  was  nearest  the  sun;  for  it  must  continue  turning  the 
longest  time  after  an  entire  rotation,  in  order  to  bring  the  me- 
ridian of  any  place  to  the  sun  again  :  and  the  shortest  day  would 
be  when  the  earth  moves  the  slowest  in  her  orbit.  Now  these 
inequalities,  combined  with  those  arising  from  the  inclination  of 
the  earth's  axis,  make  up  that  difference  which  is  shown  by  the 
equation  table,  found  in  the  Ephemeris,  between  good  clocks  and 
true  sun-dials.  There  is  another  cause  arising  from  what  astro- 
nomers call  the  equation  of  precession  in  right  ascension ;  but  its 
effects  are  very  small,  and  the  explanation  too  intricate  to  be 
introduced  now. 
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CONVERSATION  XUL 

Of  Leap-  Year,  and  the  Old  and  New  Styles. 

J,  Before  we  quit  the  subject  of  time,  will  you  give  us  some 
account  of  what  is  called  in  our  almanacs  Leap-Year  ? 

T,  I  will.  The  length  of  our  year  is,  as  you  know,  measured 
by  the  time  which  the  earth  takes  in  performing  her  journey 
round  the  sun,  in  the  same  manner  as  the  length  of  the  day  is 
measured  by  its  rotation  on  its  axis.  Now,  to  compute  the  exact 
time  taken  by  the  earth  in  its  annual  journey,  was  a  work  of  con- 
siderable difficulty.  Julius  Caesar  was  the  first  person  who 
seems  to  have  attained  to  any  accuracy  on  this  subject. 

C,  Do  you  mean  the  first  Roman  emperor,  who  landed  also  in 
Britain  ? 

T,  I  do.  He  was  not  less  celebrated  as  a  man  of  science, 
than  renowned  as  a  general,  being  well  acquainted  with  the 
learning  of  the  Egyptians.  He  assumed  the  length  of  the  year 
to  be  365  days  and  6  hours,  which  made  it  6  hours  longer  than 
the  Egyptian  year.  Now,  in  order  to  allow  for  the  odd  6  hours 
in  each  year,  he  introduced  an  additional  day  every  fourth  year, 
which  accordingly  consists  of  366  days,  and  is  called  Leap-Year , 
while  the  other  three  have  only  365  days  each.  From  him  it  was 
denominated  the  Julian  year. 

J,  It  is  also  called  Bissextile  in  the  almanacs  ;  what  does  that 
mean? 

T,  The  Romans  inserted  the  intercalary  day  between  the  23rd 
and  24th  of  February:  and  because  the  23rd  of  February,  in 
their  calendar,  was  called  sexto  calendas  Martii^  the  6th  of  the 
calends  of  March,  the  intercalated  day  was  called  his  sexto  calen- 
das Martii,  the  second  sixth  of  the  calends  of  March,  and  hence 
the  year  of  intercalation  had  the  appellation  of  Bissextile,  This 
day  was  chosen  at  Rome,  on  account  of  the  expulsion  of  Tarqu'ii 
from  the  throne,  which  happened  on  the  23rd  of  February.  We 
introduce  in  Leap-Year  a  new  day  in  the  same  month,  namely, 
the  29th. 

C,  Is  there  any  rule  for  knowing  what  year  is  Leap-Year  ? 

T,  It  is  known  by  dividing  the  date  of  the  year  by  4 ;  if  there 
be  no  remainder  it  is  Leap-Year ;  thus  1853  divided  by  4, 
leaves  a  remainder  of  1,  showing  that  it  is  the  first  year  after 
Leap-Year. 

e/.  The  year,  however,  does  not  consist  of  365  days  and  6 
hours,  but  of  365  days,  5  hours,  48  minutes  and  49  seconds.** 
Will  not  this  occasion  some  error  ? 

*  See  Conversation  IX. 
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T.  It  will ;  and  by  subtracting  the  latter  number  from  the 
former,  you  will  find  that  the  error  amounts  to  1 1  minutes  and 
11  seconds  every  year,  or  to  a  whole  day  in  about  130  years; 
notwithstanding  this,  the  Julian  year  continued  to  be  in  general 
use  till  the  year  1582,  when  Pope  Gregory  XIII.  undertook  to 
rectify  the  error,  which  at  that  time  amounted  to  ten  days.     He 
accordingly  commanded  the  ten  days  between  the  4th  and  15tii 
of  October  in  that  year  to  be  suppressed,  so  that  the  5th  day  of 
that  month  was  called  the    15th.     This  alteration  took   place 
through  the  greater  part  of  Europe,  and  the  year  was  afterwards 
called  the  Gregorian  year,  or  New  Style.     In  this  country,  the 
method  of  reckoning,  according  to  the  New  Style,  was  not  ad- 
mitted into  our  calendars  until  the  year  1752,  when  the  error 
amounted  to  nearly  11  days,  which  were  taken  from  the  month  of 
September,  by  calling  the  3rd  of  that  month  the  14th. 
C,  By  what  means  will  this  accuracy  be  maintained  ? 
T,  The  error  amounting  to  one  whole  day  in  about  130  years, 
it  is  settled  by  an  act  of  parliament,  that  the  year  1800  and  the 
year  1900,  which  are,  according  to  the  rule  just  given,  Leap- 
Years,  shall  be  computed  as  common  years,  having  only  365  days 
in  each  ;  and  that  every /our  hundredth  year  afterwards  shall  be 
a  common  year  also.     If  this  method  be  adhered  to,  the  present 
mode  of  reckoning  will  not  vary  a  single  day  from  true  time,  in 
less  than  5000  years. 

By  the  same  act  of  parliament,  the  legal  beginning  of  the  year 
was  changed  from  the  25th  of  March  to  the  1st  of  January.  So 
that  the  succeeding  months  of  January,  February,  and  March,  up 
to  the  24th  day,  which  would,  by  the  Old  Style,  have  been 
reckoned  part  of  the  year  1752,  were  accounted  as  the  first  three 
months  of  the  year  1753.  Hence  we  sometimes  see  such  a  date 
as  this,  Feb.  10,  1774-5,  that  is,  according  to  the  Old  Style  it 
was  1774,  but  according  to  the  New  it  is  1775,  because  now  the 
year  begins  in  January  instead  of  March. 

The  Old  Style  still  prevails  in  Russia ;  but  in  every  other  part 
of  Europe  it  is  now  abolished. 


CONVERSATION  XIV. 

0/  the  Moon, 

2\  You  are  now,  gentlemen,  acquainted  with  the  reasons  for 
the  division  of  time  into  days  and  years. 

C,  These  divisions  have  their  foundation  in  nature :  the  former 
depending  upon  the  rotation  of  the  earth  on  its  axis ;  the  latter 
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Upon  its  revolution  in  an  elliptic  orbit  about  the  sun  as  a  centre  of 
motion. 

J.  Is  there  any  natural  reason  for  the  division  of  years  into 
weeks,  or  of  days  into  hours,  minutes,  and  seconds  ? 

T.  The  first  of  these  divisions  was  introduced  by  Divine  autho- 
rity ;  the  second  class  was  invented  for  the  convenience  of  man- 
kind. There  is,  however,  another  division  of  time  marked  out 
by  nature. 

a  What  is  that,  sir  ? 

T,  The  length  of  the  month;  not,  indeed,  the  one  which 
consists  of  four  weeks,  nor  that  by  which  the  year  is  divided  into 
12  parts.  These  are  both  arbitrary.  But  a  month  was  originally 
meant  to  be  the  time  which  the  moon  takes  in  performing  her 
journey  round  the  earth. 

J.  How  many  days  does  the  moon  take  for  this  purpose  ? 

T.  If  you  refer  to  the  time  in  which  the  moon  revolves  from 
one  point  of  the  heavens  to  the  same  point  again,  it  consists  of  27 
days,  7  hours,  and  43  minutes;  this  is  called  the  periodical 
month :  but  if  you  refer  to  the  time  passed  from  new  moon  to 
new  moon  again,  the  month  consists  of  29  days,  12  hours,  and  44 
minutes  ;  this  is  called  the  synodical  month. 

C.  Vrsiy  explain  the  reason  of  this  difterence. 

T.  It  is  occasioned  by  the  earth's  annual  motion  in  its  orbit. 
Let  us  refer  to  our  watch  as  an  example.  The  two  hands  are 
together  at  12  o'clock ;  now,  when  the  minute-hand  has  made  a 
complete  revolution,  are  they  together  again  ? 

J.  No ;  for  the  hour-hand  is  advanced  the  twelfth  part  of  its 
revolution,  and,  in  order  that  the  other  may  reach  the  same  place, 
it  must  travel  five  minutes  more  than  the  hour. 

T.  And  something  more ;  for  the  hour-hand  does  not  wait  at 
the  figure  1  till  the  other  comes  up :  and  therefore  they  will  not 
be  together  till  between  5  and  6  minutes  after  one. 

Now  apply  this  to  the  earth  and  moon.  Suppose  s  to  be  the 
sun ;  T  the  earth,  in  a  part  of  its  orbit  ft  l  ;  and  e  to  be  the 
position  of  the  moon.  If  the  earth  had  no  motion,  the  moon 
would  move  round  its  orbit  e  h  c  into  the  position  e  again,  in 
27  days,  7  hours,  43  minutes ;  but  while  the  moon  is  describing 
her  journey,  the  earth  has  passed  through  nearly  a  twelfth  part 
of  its  orbit,  which  the  moon  must  also  describe  before  the  two 
bodies  come  again  into  the  same  position  that  they  before  held 
with  respect  to  the  sun.  This  takes  up  so  much  more  time  as 
to  make  her  synodical  month  equal  to  29  days,  12  hours,  and 
44  minutes :  hence  the  foundation  of  the  division  of  time  into 
months. 

We  will  now  proceed  to  describe  some  other  particulars  relating 
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to  the  moon,  as  a  body  depending,  like  the  earth,  on  the  sun  for 
her  light  and  heat. 


Fig.  11. 

C,  Does  the  moon  shine  with  a  borrowed  light  only  ? 

T,  This  is  certain ;  for  otherwise,  if,  like  the  sun,  she  were  a 
luminous  body,  she  would  always  shine  with  a  full  orb  as  the  sun 
Joes.     Her  diameter  is  2160  miles. 

J,  And  I  remember  she  is  at  a  mean  distance  of  238,000  miles 
from  the  earth. 

T,  The  sun  s  (in  the  last  iig.)  always  enlightens  one-half  of  the 
moon  E ;  and  its  whole  enlightened  hemisphere,  or  a  part  of  it,  or 
none  at  all,  is  seen  by  us  according  to  her  diflTerent  positions  in 
the  orbit  with  respect  to  the  earth  ;  for  only  those  parts  of  the 
enlightened  half  oi  the  moon  are  visible  at  t  which  are  cut  oif  by, 
and  are  within  the  orbit. 

J.  Then  when  the  moon  is  at  b,  no  part  of  its  enlightened  side 
is  visible  to  the  earth  ? 

T,  You  are  right ;  it  is  then  new  moon,  or  change;  for  it  is 
usual  to  call  it  new  moon  the  first  day  it  is  visible  to  the  earth, 
which  is  not  till  the  second  day  after  the  change.  And  the  moon 
being  in  a  line  between  the  sun  and  earth,  they  are  said  to  be  in 
conjunction. 

C,  And  at  a,  all  the  illuminated  hemisphere  is  turned  to  the 
earth. 

T.  This  is  called  full  moon  ;  and  the  earth  being  between  the 
sun  and  moon,  they  are  said  to  be  in  opposition.  The  enlightened 
parts  of  the  little  figures  on  the  outside  of  the  orbit  represent 
the  appearance  of  the  moon  as  seen  by  a  spectator  on  the  earth. 

C.  But  if  the  earth  is  between  the  sun  and  the  moon,  how  can 
the  latter  be  illuminated  by  the  sun  ? 
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T.  Although  between,  it  is  rarely  so  in  a  direct  line.  It  is 
generally  at  the  full  moon  either  above  or  below  the  line ;  when 
in  a  direct  line,  or  partly  so,  there  is  an  eclipse,  as  I  shall  pre- 
sently explain. 

J,  Is  the  little  figure,  then,  opposite  b  wholly  dark  to  show 
that  the  moon  is  invisible  at  change  f 

T,  Yes ;  and  when  it  is  at  p,  a  small  part  of  the  illuminated 
hemisphere  is  within  the  moon's  orbit,  and  therefore  to  a  spec- 
tator on  the  earth  it  appears  homed ;  at  O  one-half  of  the  en- 
lightened hemisphere  is  visible,  and  it  is  said  to  be  in  quadra- 
ture ;  at  H  three-fouths  of  the  enlightened  part  is  visible  to  the 
earth,  and  it  is  then  said  to  be  gibbous ;  and  at  a  the  whole  en- 
lightened face  of  the  moon  is  turned  to  the  earth,  and  it  is  said  to 
he  full.    The  same  may  be  said  of  the  rest. 

The  horns  of  the  moon,  before  conjunction  or  new  moon,  are 
turned  to  the  east ;  after  conjunction  they  are  turned  to  the  west, 

C.  I  see  the  figure  is  intended  to  show  that  the  moon's  orbit  is 
elliptical :  does  she  also  turn  upon  her  axis  ? 

T.  She  does ;  and  she  requires  the  same  time  for  her  diurnal 
rotation  as  she  takes  in  completing  her  revolution  about  the 
earth ;  and  consequently,  though  every  part  of  the  moon  is  suc- 
cessively presented  to  the  sun,  yet  the  same  hemisphere  is  always 
turned  to  the  earth.  This  is  known  by  observations  with  good 
telescopes. 

J.  Then  the  length  of  a  day  and  night  of  the  moon  is  equal  to 
more  than  29  days  and  a  half  of  ours  ? 

T,  It  is  so  :  and  therefore,  as  the  length  of  her  year,  which  is 
measured  by  her  journey  round  the  sun,  is  equal  to  that  of  ours, 
she  can  have  but  about  twelve  days  and  one  third  in  a  year. 
Another  remarkable  circumstance  relating  to  the  moon  is,  that 
the  hemisphere  next  the  earth  is  never  in  darkness ;  for  in  the 
position  E,  when  it  is  turned  from  the  sun,  it  is  illuminated  by 
light  reflected  from  the  earth,  in  the  same  manner  as  we  are 
enlightened  by  a  full  moon.  But  the  other  hemisphere  of  the 
moon  has  a  fortnight's  light  and  darkness  by  turns. 

O,  Can  the  earth,  then,  be  considered  as  a  satellite  to  the  moon  ? 

T.  It  would,  perhaps,  be  inaccurate  to  denominate  the  larger 
body  a  satellite  to  the  smaller:  but,  with  regard  to  affording 
reflected  light,  the  earth  is  to  the  moon  what  the  moon  is  to  the 
earth,  and  subject  to  the  same  changes  of  homed,  gibbous, 
full,  &c. 

C,  But  it  must  appear  much  larger  than  the  moon. 

r.  The  earth  will  appear,  to  the  inhabitants  of  the  moon, 
about  13  times  as  large  as  the  moon  appears  to  us.  When  it  is 
iiew  moon,  to  uSy  it  is/uU  earth  to  them,  and  the  reverse. 
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J,  Is  the  moon  then  inhabited  as  well  as  the  earth  ? 

T.  Though  we  cannot  demonstrate  this  fact,  yet  there  are 
many  reasons  to  induce  us  to  believe  it;  for  the  moon  is  a 
secondary  planet  of  considerable  size;  its  surface  is  diversified 
like  that  oi  the  earth  with  mountains  and  valleys ; — the  former 
have  been  measured  by  Dr.  Herschel,  and  some  of  them  found 
to  be  about  a  mile  in  height.  The  situation  of  the  moon,  with 
respect  to  the  sun,  is  much  like  that  of  the  earth ;  and  by  rota- 
tion on  her  axis,  and  a  small  inclination  on  that  axis  to  the  plane 
of  her  orbit,  she  enjoys,  though  not  a  considerable,  yet  an 
agreeable  variety  of  day  and  night  and  of  seasons.  To  the  moon, 
our  globe  appears  a  capital  satellite,  undergoing  the  same  changes 
of  illumination  as  the  moon  does  to  the  earth.  The  sun  and  stars 
rise  and  set  there  as  they  do  here,  and  heavy  bodies  will  fall  on 
the  moon  as  they  do  on  the  earth.  Dr.  Herschel  supposed  that 
he  had  discovered  three  volcanoes  (all  burning)  in  the  moon  ; 
two  of  them  appeared  to  him  nearly  extinct,  but  the  third  seemed 
to  show  an  actual  eruption  of  nre  or  luminous  matter.  He 
thought  the  eruption  resembled  a  small  piece  of  burning  charcoal 
when  it  is  covered  by  a  thin  coat  of  white  ashes,  which  frequently 
adhere  to  that  fuel  when  it  has  been  ignited  some  time.  The  bril- 
liant points  and  flickering  appearance  perceptible  a  few  days  before 
and  after  new  moon,  and  generally  supposed  to  be  volcanoes  in 
action,  are  now  ascertained  to  be  caused  by  the  intense  reflection 
of  earth  light  from  special  localities  in  the  moon,  formed  possibly 
of  some  mineral  like  selenite  or  mica.  No  large  seas  or  tracts  of 
water  have  been  observed  in  the  moon,  nor  is  the  existence  of  a 
lunar  atmosphere  certain.  Therefore,  if  she  has  inhabitants,  they 
must  differ  materially  from  those  who  live  upon  the  earth. 


CONVERSATION  XV. 
Of  Eclipses. 

C,  Will  you,  sir,  explain  to  us  the  nature  and  causes  of 
eclipses  ? 

jt.  I  will  with  great  pleasure.  You  must  observe,  then,  that 
eclipses  depend  upon  this  simple  principle,  that  all  opaque  bodies, 
when  exposed  to  any  light,  cast  a  shadow  behind  them. 

J,  The  earth,  being  a  body  of  this  kind,  must  cast  a  very  large 
shadow  on  the  side  opposite  to  the  sun. 

T,  It  does;  and  an  eclipse  of  the  moon  happens  when  the 
earth  t  passes  between  the  sun  s  and  the  moon  m  ;  for  then  the 
earth's  shadow  is  cast  on  the  moon. 
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C.  When  does  this  happen  ? 

T,  It  is  only  when  the  moon  is  fiill,  or  in  opposition,  that  it 
can  come  within  the  shadow  of  the  earth. 

J,  Eclipses  of  the  moon,  however,  do  not 
happen  every  time  it  is  full :  what  is  the  reason 
of  this  ? 

T.  Because  the  orbit  of  the  moon  does  not 
coincide  with  the  plane  of  the  earth's  orbit, 
but  one  half  of  it  is  elevated  about  five  degrees 
and  a  third  above  it,  and  the  other  half  is  as 
much  below  it :  and  therefore,  unless  the  full 
moon  happen  in  or  near  one  of  the  nodes, 
that  is,  in  or  near  the  points  in  which  the  two 
orbits  intersect  each  other,  she  will  pass  above 
or  below  the  shadow  of  the  earth,  in  which 
case  there  will  be  no  eclipse. 

C,  What  is  the  greatest  distance  from  the 
node,  at  which  an  eclipse  of  the  moon  can 
happen  ? 

T.  There  can  be  no  eclipse,  if  the  moon,  at 
the  time  when  she  is  full,  be  more  than  twelve 
degrees  from  the  node :  when  she  is  within  that  ^^'  ^^• 

distance,  there  will  be  a  partial  or  total  eclipse,  according  as  a 
part,  or  the  whole  disc  or  face  of  the  moon,  falls  within  the  earth's 
shadow.  If  the  eclipse  happen  exactly  when  the  moon  is  full  in 
the  node,  it  is  called  a  central  eclipse. 

J.  I  suppose  the  eclipse  lasts  all  the  time  that  the  moon  is 
passing  through  the  shadow. 

T.  It  does :  and  you  observe  that  the  shadow  is  considerably 
wider  than  the  moon's  diameter ;  and  therefore  an  eclipse  of  the 
nioon  lasts  sometimes  three  or  four  hours.  The  shadow  also, 
you  perceive,  is  of  a  conical  shape,  and  consequently,  as  the 
moons  orbit  is  an  ellipse  and  not  a  circle,  the  moon  will  at 
various  times  be  eclipsed  when  she  is  at  different  distances  from 
the  earth. 

C.  And,  according  as  the  moon  is  nearer  to,  or  farther  from 
the  earth,  the  eclipse  will  be  of  a  greater  or  less  duration :  for 
the  shadow  being  conical  becomes  less  and  less,  as  the  distance 
from  the  body  by  which  it  is  cast  is  greater. 

T,  It  is  by  knowing  exactly  at  what  distance  the  n^pon  is  from 
the  earth,  and  of  course  the  width  of  the  earth's  shadow  at  that 
distance,  that  all  eclipses  are  calculated  with  considerable  accu- 
racy for  many  years  before  they  happen.  Now  it  is  found  that, 
in  all  eclipses,  the  shadow  of  the  earth  is  conical,  which  is  a 
demonstration,  that  the  body  by  which  it  is  projected  is  of  a  spheri- 
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Fig.  13. 


cal  form,  for  no  other  sort  of  figure  would,  in  all  positions,  cast  a 
conical  shadow.  This  is  mentioned  as  another  proof,  that  the 
earth  is  a  spherical  body. 

J.  It  seems  to  prove  another  thing,  viz.  that  the  sun  must  be  a 
larger  body  than  the  earth. 

T,  Your  conclusion  is  just ; 
for  if  the  two  bodies  were  equal 
to  one  another  the  shadow  would 
be  cylindrical ;  and  if  the  earth 
were  the  larger  body,  its  shadow 
would  be  of  the  figure  of  a  cone, 
which  had  lost  its  vertex,  and 
the  farther  it  were  extended  the 
larger  it  would  become.  In 
either   case  the   shadow  would  ^^8- 1*. , 

run  out  to  infinite  space,  and  accordingly  must  sometimes  involve 
in  it  the  other  planets,  and  eclipse  them,  which  is  contrary  to  fact. 
Therefore,  since  the  earth  is  neither  larger  than,  nor  equal  to  the 
sun,  it  must  be  the  lesser  body.  We  will  now  proceed  to  the 
eclipses  of  the  sun. 

0.  How  are  these  occasioned  ? 

T,  An  eclipse  of  the  sun  happens  when  the  moon  m,  passing 
between  the  sun  s  and  the  earth  t,  intercepts  the  sun's  light,  and 
hinders  it  from  coming  to  the  earth. 


Fig.  15. 


J.  Then  the  sun  can  be  eclipsed  only  at  the  new  moon  ? 

T,  Certainly  ;  for  it  is  only  when  the  moon  is  in  conjunction 
that  it  can  pass  directly  between  the  sun  and  earth. 

6'.  Is  it  only  when  the  moon  at  her  conjunction  is  near  one  of 
its  nodes,  that  there  can  be  an  eclipse  of  the  sun  ? 

T,  An  eclipse  of  the  sun  depends  upon  this  circumstance :  for 
unless  the  moon  is  in  or  near  one  of  its  nodes,  she  cannot  appear 
in  the  same  place  with  the  sun,  or  seem  to  pass  over  his  disc.  In 
every  other  part  of  the  orbit,  she  will  appear  above  or  below  the 
sun.  If  the  moen  be  in  one  of  the  nodes,  she  will,  in  most  cases, 
cover  the  whole  disc  of  the  sun,  and  produce  a  total  eclipse :  if 
she  be  anywhere  within  about  16  degrees  of  a  node,  a  partial 
eclipse  will  be  produced. 
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The  sun's  diameter  is  supposed  to  be  divided  into  12  equal 
parts,  called  digits,  and  in  every  partial  eclipse,  (as  many  of  these 
parts  of  the  sun's  diameter  as  the  moon  covers,)  so  many  digits  are 
said  to  be  eclipsed. 

J,  I  have  heard  of  annular  eclipses  ;  what  are  they,  sir  ? 

T,  When  a  ring  of  light  appears  round  the  edge  of  the  moon 
during  an  edipse  of  the  sun,  it  is  said  to  be  annular,  from  the 
Latin  word  annulus,  a  ri7iy :  this  kind  of  eclipse  is  occasioned  by 
the  moon  being  at  her  greatest  distance  from  the  earth  at  the 
time  of  an  eclipse  ;  because  in  that  situation,  the  vertex,  or  tip  of 
the  cone  of  the  moon's  shadow,  does  not  reach  the  surface  of  the 
earth. 

C.  How  long  can  an  eclipse  of  the  sun  last  ? 

T,  A  total  eclipse  of  the  sun  is  a  very  curious  and  uncommon 
spectacle ;  and  total  darkness  cannot  last  more  than  three  or  four 
minutes.  Some  good  observations  of  a  total  eclipse  were  made 
on  July  8,  1842.  M.  Arago  collected  them  from  various 
quarters,  and  published  a  very  instruttive  memoir  on  the  subject. 

C.  I  should  like  to  hear  what  he  says  of  the  effect  of  the 
darkness. 

T.  In  some  places  the  convolvulus  and  other  flowers  closed 
during  the  eclipse.  The  darkness  was  not  total ;  and  objects 
presented  a  livid  greenish  appearance.  A  dog,  to  whom  bread 
was  thrown,  ceased  eating  it,  as  soon  as  the  eclipse  became  total ; 
another  dog  took  refuge  between  his  master's  legs  ;  horses,  oxen, 
and  asses  stopped  suddenly  when  the  darkness  came ;  fowls  left 
their  food  and  retired  to  roost ;  a  hen  gathered  her  young  beneath 
her  wings ;  ducks  fled  toward  the  bank  ;  ants  even  stopped  their 
course,  and  did  not  continue  journeying  on  until  the  sun  again 
appeared ;  bats  and  owls  came  from  their  retreats,  as  if  it  were 
night ;  swallows  disappeared  ;  birds  ceased  to  sing ;  and  bees 
returned  to  their  hives. 

C.  If  unaware  of  the  approach  of  an  eclipse,  I  think  I  should 
feel  very  much  alarmed  at  the  unusual  darkness. 

T,  There  was  a  child  just  in  such  a  predicament ;  he  was 
tending  a  flock  in  the  Alps,  and  to  his  horror,  he  saw  the  sun 
gradually  losing  its  brightness,  and  no  cloud  near.  When  all  the 
light  had  gone,  he  burst  into  tears,  and  called  for  help :  but  when 
be  again  saw  the  light  returning,  he  crossed  his  hands,  and  cried 
out,  y  Oh,  beautiful  sun !" 

C,  I  remember  on  July  28th,  1851,  there  was  a  total  eclipse 
of  the  sun ;  and  not  being  total  here,  I  heard  that  astronomers 
went  to  distant  places  in  order  to  observe  it.  What  made  them 
so  curious  ?  From  the  nearly  total  eclipse  in  England,  I  should 
have  thought  they  could  have  judged  of  the  totality. 
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T,  There  you  are  wrong.  Independently  of  the  physical 
phenomena  of  nature  which  attend  a  total  eclipse,  there  were 
certain  rose-coloured  prominences  and  certain  beads  of  light, 
and  also  the  halo  or  corona,  that  had  been  observed  in  the  pre- 
vious total  eclipse  of  July  8th,  1842,  and  which  required  further 
examination, 

C.  And  were  these  previous  observations  confirmed  ? 

T.  The  rose-coloured  prominences  were  seen  by  all  observers, 
and  were  found  for  the  most  part  to  be  conical  and  of  a  greater 
height  than  breadth.  Mr.  Lassell  took  his  station  at  Trollhatten 
Falls,  and  states  that  the  prominences  were  of  a  brilliant  lake 
colour,  quite  defined  and  hard,  and  evidently  forming  part  of 
the  sun.  Mr.  Carrington,  at  Grota  River,  observed  four  of  them. 
Two  were  in  shape  like  hay-cocks,  and  were  pink  tinged  with 
white.  The  appearance  of  one  of  the  others  was  like  a  mighty 
flame  bursting  through  the  roof  of  a  house,  and  blown  by  a 
strong  wind.  The  Astronomer  Royal,  who  stationed  himself  near 
Grottenberg,  was  much  struck  by  the  remarkable  appearance  of 
these  flames. 

C,  And  were  the  beads  seen  ?  and  what  are  they  ? 

T,  These  were  only  seen  by  some  observers,  but  not  by 
others.  Just  before  the  eclipse  became  total,  the  line  of  light, 
which  yet  remained  of  the  sun,  was  broken  into  a  series  of 
bright  spots,  like  beads  of  light,  some  larger  than  the  others ; 
and  the  same  occurred  at  the  termination  of  the  eclipse,  when 
the  first  indication  of  the  returning  sun  was  a  series  of  bright 
spots,  which  gradually  melted  into  each  other  and  formed  a  line 
of  light.  They  are  called  Baily's  beads.  By  some  they  are 
thought  to  be  an  ocular  deception. 

C,  Did  it  become  totally  dark  ? 

T,  Some  observers  found  it  more  dark  than  others  ;  which  may 
be  due  to  their  different  physical  constitutions.  The  corona  was 
there,  yvhich  Mr.  Lassell  conceived  to  give  as  much  hght  as  the 
full  moou.  The  moon,  as  it  appeared  obscuring  the  sun,  pre- 
sented a  jagged  appearance  at  its  edges.  The  darkness  was  of 
a  very  unearthly  character,  and  appears  ,'to  have  impressed  the 
observers  with  awe.  There  was  a  livid  appearance  throughout 
nature.  The  quick  transition  from  broad  daylight  to  the  darkness 
of  night  was  a  thing  to  which  the  organs  of  sight  had  not  been 
trained.  And  if  the  astronomers  were  affected  thus,  you  cannot 
be  surprised  to  hear  of  the  terror  which  took  possession  of  the 
natives,  who  were  taken  by  surprise  at  this  to  them  supernatural 
event.  I  should  have  told  you  that  while  the  least  part  of  the 
sun  remains,  there  is  much  light ;  and  the  transition  to  darkness, 
when  all  is  obscured,  is  very  sudden. 


Mr.  Dawes,  wtio  observed  the  eclipse  at  Ravelsbere,  lat  56°, 
16'N.  i  Ion.  51'  33"  E.,  (the  same  place  with  Mr.  Hind,  but 
independently,)  has  given  a  sketch  of  the  red  prominences,  which 
I  have  represented  In  &g,  16.  The  shaded  appendaees  on  the 
border  of  the  sun  show  their  position  and  shape.  I  have  also 
added  the  halo,  as  ^ven  by  M.  Arago  for  the  eclipse  in  1642, 
and  which  seems  to  have  presented  a  similar  appearance  in  this 


Fig.  16. 

On  March  15,  1858,  at  one  o'clock,  an  annular  eclipse  occurred 
which  excited  much  attention  in  London  and  varioua  other  locali- 
ties, because  it  was  so  near  an  approximation  to  a  total  eclipse. 
Mr.  John  Yeats  was  fortunate  enough  to  see,  from  Fotherinfay- 
castle  Mound,  the  curious  phenamcnon  called  "  Baily's  beads," 
and  he  states  that  they  were  perfectly  plain  on  the  completion  of 
the  aunuiua.  The  "  beads,"  like  drops  of  water,  appeared  on  the 
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upper  and  under  sides  of  the  moon,  and  occupied  fully  three-fourths 
of  her  circumference.  There  was  nothing  like  intense  darkness 
during  the  eclipse,  and  less  gloom  than  during  a  thunder-storm. 
Bystanders  prognosticated  rain  ;  but  it  was  the  shadow  of  a  rapidly 
declining  day.  At  12  o'clock  a  lady  living  on  the  farm  suddenly 
exclaimed,  "  The  cows  are  coming  home  to  be  milked ;"  and  they 
came  all  but  one,  that  followed,  however,  within  the  hour  ;  cocks 
crowed,  birds  flew  low  and  fluttered  about  uneasily,  but  every 
object  far  and  near  was  well  defined  to  the  eye. 

The  last  total  eclipse  visible  in  Spain  and  other  countries  (and 
partial  only  in  England)  occurred  on  the  1 8th  of  July,  1860.  It  was 
very  carefully  observed  by  numbers  of  astronomers  of  every  nation, 
English,  French,  Spaniards,  Grermans,  Swiss,  and  even  Turks, 
One  of  the  most  interesting  records  is  that  of  Mr.  Warren  De  La 
Rue,  who,  in  company  with  Mr.  Beck,  of  the  firm  of  Smith 
and  Beck,  and  other  gentlemen,  secured  some  beautiful  drawings 
and  photographs  of  the  corona  during  the  totality  of  the  eclipse, 
one  of  which  forms  the  subject  of  the  cut  at  page  111.  Mr.  E. 
J.  Lowe,  another  observer,  says  :  **  Before  totality  commenced  the 
colours  in  the  sky  and  on  the  hills  were  magnificent  beyond  all 
description."  When  the  totality  occurred  "  the  darkness  was  great ; 
thermometers  could  not  be  read.  The  countenances  of  men  were 
of  a  livid  pink.  The  Spaniards  lay  down  and  their  children 
screamed  with  fear ;  fowls  hastened  to  roost,  ducks  clustered 
together,  pigeons  dashed  against  the  sides  of  the  houses,  flowers 
closed,  the  air  became  very  humid,  so  much  so  that  the  grass  felt 
to  one  of  the  observers  as  if  recently  rained  on.'*  Mr.  Parker,  a 
third  observer,  remarks  that  at  Ih.  42m.,  local  time,  the  eclipse 
commenced,  and  it  was  curious  to  observe  how  rapidly  the  sun's 
rays  lost  their  power,  though  the  light  did  not  at  first  sensibly 
diminish.  At  Ih.  47m.  the  thermometer  (black  bulb)  marked 
43  (centigrade),  and  from  this  if  gradually  went  down  to  10  at 
2h.  67m.,  the  centre  of  the  eclipse.  The  sun  was  uncovered 
during  the  whole  time,  with  the  exception  of  a  minute  or  so,  five 
minutes  before  the  totality.  At  about  2h.  56m.  the  last  limb 
of  the  sun  disappeared,  but  though  the  total  eclipse  was  computed 
to  last  here  for  3  minutes  and  30  seconds,  the  time  seemed  too 
short  to  notice  all  the  wonderful  effects,  and  my  attention  was 
chiefly  directed  to  the  disc  of  the  sun,  which  presented  a  magni- 
ficent spectacle.  The  instant  the  sun  was  shut  out  a  most  beauti- 
ful bright  white  corona  appeared  round  the  moon's  circumference, 
which  presented  an  orb  of  jet  black,  and  almost  immediately  rose- 
coloured  excrescences  seemed  to  shoot  out  like  small  pyramids  of 
fire  from  the  rim  of  the  sun.  These  were  not  constant,  but  seemed 
to  keep  changing ;  but  this  probably,  was  the  eflect  of  the  moon's 
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disc  passing  over  them.  Two  on  the  sun's  vertex  were  visible  all 
the  time,  but  one  on  the  eastern  limb  soon  disappeared,  and  was 
succeeded  by  one  on  the  north-west  limb  of  the  sun,  the  most  con- 
spicuous of  them  all.  The  colour  of  the  sky  was  a  very  deep  blue, 
but  not  black,  as  it  was  clearly  relieved  against  the  moon's  disc  ; 
and  at  least  three  or  four  stars  were  visible  to  the  naked  eye — 
Jupiter  and  Venus,  the  two  nearest  to  the  sun,  shining  almost  as 
•  brightly  as  on  a  summer  night.  Our  position  was  very  near  the 
central  line,  and  we  could  distinctly  mark  this  heavy  black  pall  as 
it  passed  over  us  from  the  north-west  to  the  south-east ;  but  its 
course  was  very  rapid,  and  it  seemed  to  sweep  past  us  like  the 
legendary  chase  of  the  wild  huntsman.  For  three  minutes  it 
certainly  was  very  dark, — much  too  dark  to  read,  though  I  could 
just  distinguish  the  figures  on  my  watch ;  but  the  moment  the  least 
limb  of  the  sun  reappeared,  it  was  astonishuig  how  instantly  the 
light  returned,  and  I  can  now  well  understand  how  comparatively 
small  is  the  diminution  of  light  during  a  partial  eclipse,  even  when 
the  sun  is  almost  completely  hidden.  It  was  altogether  a  most 
wonderful  sight,  and  well  worth  the  labour  of  the  ascent,  and  even 
the  very  rough  quarters  I  have  been  obliged  to  put  up  with 
during  the  last  week. 


CONVERSATION  XVL 

Of  the  Tides. 

T,  We  will  now  proceed  to  the  consideration  of  the  Tldes^  or 
the  ebbing  and  flowing  of  the  ocean. 

J,  Is  this  subject  connected  with  astronomy  ? 

T,  It  is,  inasmuch  as  the  tides  are  occasioned  by  the  attraction 
of  the  sun  and  moon  upon  the  waters,  but  more  particularly  by 
that  of  the  latter.  You  will  readily  conceive  that  the  tides  are 
dependent  upon  some  known  and  determinate  laws,  because  you 
have  seen  in  White's  Ephemeris,  that  the  exact  time  of  high 
water  at  London  bridge  on  the  morning  and  afternoon  of  every 
day  in  the  year  is  set  down. 

C'.  I  have  frequently  wondered  how  this  could  be  known  with 
such  a  degree  of  accuracy  ;  but  I  am  told  there  is  hardly  a  water- 
man that  plies  at  the  stairs  but  can  readily  tell  when  it  will  be 
high  water. 

T.  The  generality  of  the  watermen  are  probably  as  ignorant 
as  yourself  of  the  cause  by  which  the  waters  flow  and  ebb ;  but 
by  experience  they  know  that  the  time  of  high  water  differs  on 
each  day  about  three-quarters  of  an  hour,  or  a  little  more  or  ks&> 
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and  therefore,  if  it  be  high  water  to-day  at  six  o'clock,  they  will 
at  a  guess  tell  you,  that  to-morrow  the  tide  will  not  be  up  till  a 
quarter  before  seven. 

J.  Will  you  explain  the  causes  ? 

T,  You  must  bear  in  your  mind,  then,  that  the  tides  are  occasioned 
by  the  attraction  of  the  sun  and  moon  upon  the  waters  of  the 
earth :  perhaps  a  diagram  may  be  of  some  assistance  to  you.  Let 
A  ^  T  n  be  supposed  the  earth,  c  its  centre  :  let  the  dotted  circle 
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Fig.  17. 

represent  a  mass  of  water  covering  the  earth :  let  m  be  the  moon 
in  its  orbit,  and  s  the  sun. 

Since  the  force  of  gravity  or  attraction  diminishes  as  the 
squares  of  the  distance  increase,*  the  waters  on  the  side  t  are 
more  attracted  by  the  moon  m,  than  the  central  parts  at  c  ;  and 
the  central  parts  are  more  attracted  than  the  waters  at  a  ;  con- 
sequently the  waters  at  a  will  recede  from  the  centre ;  therefore 
wlule  the  moon  is  in  the  situation  m,  the  waters  will  rise  towards 
a  and  h  on  the  opposite  sides  of  the  earth. 

(7.  You  mean  that  the  waters  will  rise  at  a  by  the  immediate 
attraction  of  the  moon  m,  and  will  rise  at  h  by  the  centre  c  re- 
ceding and  leaving  them  more  elevated  there. 

T,  That  is  the  explanation.  It  is  evident  that  the  quantity 
of  water  being  the  same,  a  rise  cannot  take  place  at  a  and  6,  with- 
out the  parts  at  p  and  n  being  at  the  same  time  depressed. 

J,  In  this  situation  the  water  may  be  considered  as  assuming 
a  spheroidal  shape. 

T,  If  the  earth  and  moon  were  without  motion,  and  the  earth 
covered  all  over  with  water,  the  attraction  of  the  moon  would  raise 
it  up  in  a  heap  in  that  part  of  the  ocean  to  which  the  moon  is  ver- 
tical, and  there  it  would  always  continue ;  but  by  the  rotation  of 
the  earth  upon  its  axis,  each  part  of  its  surface,  to  which  the  moon 
is  vertical,  is  presented  .twice  a  day  to  the  action  of  the  moon,  and 
thus  are  produced  two  floods  and  two  ebbs. 

C,  How  twice  a  day  ? 

*  See  Mechanics,  Conversation  Vll 
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T,  In  the  position  of  the  earth  and  moon  as  it  is  in  our  figure, 
the  waters  are  raised  at  t  by  the  direct  attraction  of  the  moon,  and 
a  tide  is  accordingly  produced  ;  but  when,  by  the  earth's  rotation, 
T  comes,  12  hours  afterwards,  into  the  position  a,  another  tide  is 
occasioned  by  the  receding  of  the  waters  there  from  the  centre. 

J.  You  have  told  us  that  the  tides  are  produced  in  those  parts 
of  the  earth  to  which  the  moon  is  vertical ;  but  this  effect  is  not 
confined  to  those  parts  ? 

T,  It  is  not ;  but  there  the  attraction  of  the  moon  has  the  greatest 
effect :  in  all  other  parts  her  force  is  weaker,  because  it  acts  in  a 
more  oblique  direction. 

C.  Are  there  two  tides  in  every  24  hours  ? 

T,  If  the  moon  were  stationary  this  would  be  the  case ;  but 
because  that  body  is  also  proceeding  every  day  about  13  degrees 
from  west  to  east  in  her  orbit,  the  earth  must  make  more  than'  one 
revolution  on  its  axis  before  the  same  meridian  is  in  conjunction 
with  the  moon,  and  hence  two  tides  take  place  in  about  24  hours 
and  50  minutes. 

J.  But  I  remember  when  we  were  at  the  sea-side,  that  the  tides 
rose  higher  at  some  seasons  than  at  others :  how  do  you  account 
for  this  ? 

T,  The  moon  goes  round  the  earth  in  an  elliptic  orbit ;  and, 
therefore  she  approaches  nearer  to  the  earth,  in  some  parts  of  her 
orbit  than  in  others.  When  she  is  nearest,  the  attraction  is  the 
strongest,  and  consequently  it  raises  the  tides  most;  and  when  she 
is  farthest  from  the  earth,  her  attraction  is  the  least,  and  the  tides 
the  lowest. 

J.  Do  they  rise  to  different  heights  in  different  places  ? 

T,  They  do  :  in  the  Black  Sea  and  the  Mediterranean  the  tides 
are  scarcely  perceptible.  At  the  mouth  of  the  Indus,  the  water 
rises  and  falls  full  30  feet.  The  tides  are  remarkably  high  on  the 
coast  of  Malay,  in  the  Straits  of  Sunda,  in  the  Red  Sea,  along  the 
coasts  of  China,  Japan,  &c.  In  general  the  tides  rise  highest  and 
strongest  in  those  places  that  are  narrowest. 

C.  You  said  that  the  sun's  attraction  occasioned  tides  as  well  as 
that  of  the  moon. 

T.  It  does  ;  but  owing  to  the  immense  distance  of  the  sun  from 
the  earth,  it  produces  but  a  small  effect  in  comparison  of  the 
moon's  attraction.  Sir  Isaac  Newton  computed,  that  the  force  of 
the  moon  raised  the  water  in  the  great  ocean  10  feet,  whereas  that 
of  the  sun  raised  it  only  2  feet.  When  both  the  attraction  of  the 
sun  and  moon  act  in  the]same  direction,  that  is,  at  new  and  full  moon, 
the  combined  forces  of  both  raise  the  tide  12  feet.  But  when  the 
moon  is  in  her  quarters,  the  attraction  of  one  of  these  bodies  raises 
the  water,  while  that  of  the  other  depresses  it  *,  and  \]|[i€t^to^  \^^ 
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smaller  force  of  the  sun  must  be  subtracted  from  that  of  the  moon  ; 
consequently  the  tides  in  the  midst  of  the  ocean  will  be  no  more 
than  8  feet.  The  highest  tides  are  called  spring  tides,  and  the 
lowest  are  denominated  neap  tides. 

J,  I  understand  that,  in  the  former  case,  the  height  to  which 
the  tides  are  raised  must  be  calculated  bj  adding  together  the 
attractions  of  the  sun  and  moon  ;  and  in  the  latter,  it  must  be  esti- 
mated by  the  difference  of  those  attractions. 

T,  You  are  right.  When  the  sun  and  moon  are  both  vertical  to 
the  equator  of  the  earth,  and  the  moon  at  her  least ^  distance 
from  the  earth,  then  the  tides  are  highest. 

(7.  Do  the  highest  tides  happen  at  the  equinoxes  ? 

T,  Strictly  speaking,  these  tides  do  not  happen  till  some  little 
time  after,  because  in  this,  as  in  other  cases,  the  actions  do  not 
produce  the  greatest  effect  when  they  are  at  the  strongest,  but 
some  time  afterwards :  thus  the  hottest  part  of  the  day  is  not  when 
the  sun  is  on  the  meridian,  but  between  two  and  four  o'clock  in 
the  afternoon.  Another  circumstance  must  be  taken  into  consider- 
ation :  the  sun  being  nearer  to  the  earth  in  winter  than  in  summer 
it  is  of  course  nearer  to  it  in  February  and  October  than  in  March 
and  September ;  and  therefore,  all  these  things  being  put  together, 
it  will  be  found  that  the  greatest  tides  happen  a  little  before  the 
vernal  and  some  time  after  the  autumnal  equinoxes.  The  probable 
times  of  the  greatest  tides  in  each  year  are  given  in  White's  Ephe- 
meris. 

J,  Since  the  attraction  of  the  moon  has  a  greater  effect  in  pro- 
ducing the  tides  than  that  of  the  sun,  it  is  natural  to  conceive  that 
the  magnitude  of  the  tides  varies  with  the  distance  of  the  moon 
from  the  earth. 

T.  You  are  perfectly  right  in  that  conjecture.  The  moon's 
attraction  upon  the  waters  is  greatest  when  she  is  in  her  'perigee 
or  nearest  the  earth ;  and  is  least  when  she  is  in  her  apogee,  or  the 
point  farthest  from  the  earth.  The  tides  are  proportionally  greater 
m  the  former  case  than  in  the  latter.  The  moon's  attraction  is 
also  greatest,  all  other  things  being  the  same,  when  she  is  in  the 
equator.  The  moon's  declination  always  has  an  effect,  more  or 
less,  in  retarding  the  actual  time  of  high  water.  Tables  are  given 
in  several  books  of  astronomy  and  navigation,  by  means  of  which 
the  time  of  high  water  may  be  accurately  computed  for  any  assigned 
place,  for  any  particular  declination,  and  for  the  various  positions 
with  regard  to  the  moon's  distance  from  the  earth. 
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CONVERSATION  XVH. 

Of  the  Harvest  Moon. 

T,  From  what  we  said  yesterday,  you  will  easily  understand 
why  the  moon  rises  about  three-quarters  of  an  hour  later  every 
day  than  on  the  one  preceding. 

C.  It  is  owing  to  the  daily  progress  which  the  moon  is  making 
in  her  orbit,  on  which  account  any  meridian  on  the  earth  must 
make  more  than  one  completejrotation  on  its  axis,  before  it  comes 
again  into  the  same  situation  with  respect  to  the  moon  that  it  had 
before.  And  you  told  us  that  this  occasioned  a  difference  of  about 
60  minutes. 

T,  At  the  equator  that  is  generally  the  difference  of  time  be- 
tween the  rising  of  the  moon  on  one  day  and  the  preceding.  But 
in  places  of  considerable  latitude,  as  that  in  which  we  live,  there 
is  a  remarkable  difference  about  the  time  of  harvest,  when  at  the 
season  of  full  moon  she  rises  for  several  nights  together  only  about 
20  minutes  later  on  the  one  day^than  on  that  immediately  pre- 
ceding. By  thus  succeeding  the  sun  before  the  twilight  is  ended, 
the  moon  prolongs  the  light,  to  the  great  benefit  of  those  who  are 
engaged  in  gathering  in  the  fruits  of  the  earth ;  and  hence  the 
full  moon  at  this  season  is  called  the  harvest  moon.  It  is  believed 
that  this  was  observed  by  persons  engaged  in  agriculture,  at  a  much 
earlier  period  than  it  was  noticed  by  astronomers ;  the  former 
ascribed  it  to  the  goodness  of  the  Deity,  not  doubting  but  that  He 
had  ordered  it  so  on  purpose  for  their  advantage.   ' 

J.  But  the  people  at  the  equator  do  not  enjoy  this  benefit. 

T,  Nor  is  it  necessary  that  they  should  ;  for  in  those  parts  of 
the  earth  the  seasons  vary  but  little,  and  the  weather  changes  very 
seldom,  and  at  stated  times  ;  consequently,  moonlight  is  not  wanted 
by  them  for  gathering  the  fruits  of  the  earth. 

C,  Can  you  explain  how  it  happens,  that  the  moon  at  this  sea- 
son of  the  year  rises  one  day  after  another  with  so  small  a  differ- 
ence of  time  ? 

1\  With  the  assistance  of  a  globe  I  could  at  once  clear  the 
matter  up.  But  I  will  endeavour  to  give  you  a  general  idea  of 
the  subject  without  that  instrument  That  the  moon  loses  more 
time  in  her  risings  when  she  is  in  one  part  of  her  orbit  and  less  in 
another,  is  occasioned  by  the  moon's  orbit  lying  sometimes  more 
oblique  to  the  horizon  than  at  others. 

J,  But  the  moon's  path  is  not  marked  on  the  globe. 

T,  It  is  not ;  you  may,  however,  consider  it,  without  much 
error,  as  coinciding  with  the  ecliptic.  And  in  the  latitude  of 
London,  as  much  of  the  ecliptic  rises  about  Pisces  and  Aries  in 
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two  hours  as  the  moon  goes  through  in  six  days  ;  therefore,  while 
the  moon  is  in  these  signs,  she  differs  but  two  hours  in  rising  for 
six  days  together,  that  is,  one  day  with  another,  about  20  minutes 
later  every  day  than  on  the  preceding  one. 

C,  Is  the  moon  in  those  signs  at  the  time  of  harvest  ? 

jT.  In  August  and  September  you  know  that  the  sun  appears  in 
Virgo  and  Libra,  and  of  course,  when  the  moon  b  full,  she  must 
be  in  the  opposite  signs,  viz.  Pisces  and  Aries. 

6'.  Will  you  explain,  sir,  how  it  is  that  the  people  at  the 
equator  have  no  harvest  moon  ? 

F,  At  the  equator,  the  north  and  south  poles  lie  in  the  horizon, 
and  therefore  the  ecliptic  makes  the  same  angle  with  the  horizon 
when  Aries  rises,  as  it  does  northward  when  Libra  rises ;  but  as 
the  harvest  moon  depends  upon  the  different  angles  at  which 
the  various  parts  of  the  ecliptic  rise,  it  is  evident  there  can  be  no 
harvest  moon  at  the  equator. 

The  farther  any  place  is  from  the  equator,  if  it  is  not  beyond 
the  polar  circles,  the  angle,  which  the  ecliptic  makes  with  the 
horizon,  when  Pisces  and  Aries  rise, .  gradually  diminbhes,  and, 
therefore,  when  the  moon  is  in  these  signs,  she  rises  with  a  nearly 
proportionable  difference  later  every  day  than  on  the  former,  and 
this  is  more  remarkable  about  the  time  of  full  moon. 

J,  Why  have  you  excepted  the  space  on  the  globe  beyond  the 
polar  circles  ? 

T,  At  the  polar  circles,  when  the  sun  touches  the  summer 
tropic,  he  continues  24  hours  above  the  horizon,  and  24  hours 
below  it  when  he  touches  the  winter  tropic.  For  the  same 
reason,  the  full  moon  neither  rises  in  the  summer,  when  she  is 
not  wanted,  nor  sets  in  the  winter,  when  her  presence  is  so  ne- 
cessary. These  are  the  only  two  full  moons  which  happen  when 
the  sun  is  in  the  tropics,  for  all  the  others  rise  and  set.  In 
summer  the  full  moons  are  low,  and  their  stay  above  the  horizon 
short ;  in  winter  they  are  high,  and  stay  long  above  the  horizon. 
This  is  a  wonderful  display  of  the  Divine  wisdom  and  goodness,  in 
apportioning  the  quantity  of  light,  suitable  to  the  various  neces- 
sities of  the  inhabitants  of  the  earth,  according  to  their  different 
situations. 

(7.  At  the  poles,  I  suppose,  the  order  is  different. 

T,  There  one  half  of  the  ecliptic  never  sets,  and  the  other  half 
never  rises ;  consequently,  the  sun  continues  one  half  year  above 
the  horizon,  and  the  other  half  below  it.  The  full  moon,  being 
always  opposite  to  the  sun,  can  never  be  seen  by  the  inhabitants 
of  the  poles,  while  the  sun  is  above  the  horizon.  But  all  the  time 
that  the  sun  is  below  the  horizon,  the  full  moon  never  sets.  Con- 
sequently, to  them  the  full  moon  is  never  visible  in  their  summer ; 
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and  in  their  winter  they  have  it  always  before  and  after  the  full, 
shining  for  14  of  our  days  and  nights  without  intermission.  And 
when  the  sun  is  depressed  the  lowest  under  the  horizon,  then  the 
moon  ascends  with  her  highest  altitude. 

J,  This  indeed  exhibits  in  a  high  degree  the  attention  of  Pro- 
vidence to  all  his  creatures.  But  if  I  understand  you,  the  in- 
habitants of  the  poles  have  in  their  winter  a  fortnight's  light  and 
darkness  by  turns  ? 

T,  This  would  be  the  case  for  the  whole  six  months  that  the 
sun  is  below  the  horizon,  if  there  were  no  refraction,*  and  no 
substitute  for  the  light  of  the  moon.  But  as  the  atmosphere 
refracts  the  sun's  rays,  he  becomes  visible  a  fortnight  sooner, 
and  continues  a  fortnight  longer  in  sight,  than  he  would  do,  were 
there  no  such  property  belonging  to  the  atmosphere.  And  in 
those  parts  of  the  winter,  when  it  would  be  absolutely  dark  in  the 
absence  of  the  moon,  the  brilliancy  of  the  Aurora  Borealis  is 

grobably  so  great  as  to  afford  a  very  comfortable  degree  of  light. 
Ir.  Heame,  in  his  travels  near  the  polar  circle,  has  this  remark 
in  his  journal :  "  December  24.  The  days  were  so  short,  that  the 
sun  only  took  a  circuit  of  a  few  points  of  the  compass  above  the 
horizon,  and  did  not,  at  its  greatest  altitude,  rise  half  way  up  the 
trees.  The  brilliancy  of  the  Aurora  Borealis,  however,  and  of 
the  stars,  even  without  the  assistance  of  the  moon,  mkde  amends 
for  this  deficiency,  for  it  was  frequently  so  light  all  night,  that  I 
could  see  to  read  a  small  print" 
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Of  Mercury, 

T.  Having  fully  described  the  earth  and  the  moon,  the  former 
a  primary  planet,  and  the  latter  its  attendant  satellite,  we  shall 
next  consider  the  other  planets,  in  their  order,  with  which,  how- 
ever, we  are  less  interested. 

Mercury,  you  recollect,  is  the  planet  nearest  the  sun ;  and 
Venus  is  the  second  in  order.     These  are  called  inferior  planets. 

C\  Why  are  they  thus  denominated  ? 

T.  Because  they  both  revolve  in  orbits  which  are  included 
within  that  of  the  earth :  thus  in  the  diagram  of  the  solar  system 
(fig.  2),  Mercury  makes  his  annual  journey  round  the  sun  in  the 
orbit  a ;  Venus  in  h ;  and  the  earth,  farther  from  that  luminary 
than  either  of  them,  makes  its  circuit  it  t, 

•  The  subject  of  Eefraction  will  be  very  particularly  explained  when  we  come  to 
Optics. 
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J,  How  is  this  known  ? 

jT.  By  observation :  for  by  attentively  watching  the  progress 
of  these  bodies,  it  is  found  that  they  are  continually  changing 
their  places  among  the  fixed  stars,  and  that  they  are  never  seen 
in  opposition  to  the  sun,  that  is,  they  are  never  seen  in  the 
western  side  of  the  heavens  in  the  morning,  when  he  appears  in 
the  east ;  nor  in  the  eastern  part  of  the  heavens  in  the  evening, 
when  the  sun  appears  in  the  west. 

(7.  Then  they  may  be  considered  as  attendants  upon  the 
sun? 

T,  Yes :  Mercury  is  never  seen  from  the  earth  at  a  greater 
distance  from  the  sun  than  about  28  degrees,  or  about  as  far  as 
the  moon  appears  to  be  from  the  sun  on  the  second  day  after  its 
change ;  hence  it  is  that  we  so  seldom  see  him  ;  and  when  we  do, 
it  is  for  so  short  a  time,  and  always  in  twilight,  that  sufficient 
observations  have  not  been  made  to  ascertain  whether  he  has  a 
diurnal  motion  on  his  axis. 

J,  Would  you  then  conclude  he  has  such  a  motion  ? 

T,  I  think  we  ought ;  because  it  is  known  to  exist  in  all  those 
planets,  upon  which  observations  of  sufficient  extent  have  been 
made ;  and,  therefore,  we  may  surely  infer,  without  much  pro- 
bability of  error,  that  it  belongs  also  to  Mercury ;  and  indeed 
Schroter,  a  German  astronomer,  assumes  the  rotation  to  be 
24h.  5m. 

C.  At  what  distance  is  Mercury  from  the  sun  ? 

T,  He  revolves  round  that  body  at  about  37  millions  of  miles 
distance,  in  88  days  nearly ;  and  therefore  you  can  now  tell  me 
how  many  miles  he  travels  in  an  hour. 

J,  I  can ;  for  supposing  his  orbit  circular,  I  must  multiply  the 
37  millions  by  6  ;*  which  will  give  222  millions  of  miles  for  the 
length  of  his  orbit;  this  I  shall  divide  by  88,  the  number  of  days 
he  takes  in  performing  his  journey,  and  the  quotient  resulting 
from  this  must  be  divided  by  24,  for  the  number  of  hours  in  a 
day ;  and  by  these  operations  I  find  that  Mercury  travels  at  the 
rate  of  more  than  105,000  miles  in  an  hour,  or  about  30  miles  per 
second. 

jT.  By  turning  to  pages  26  and  27  of  the  Ephemeris,  you  will 
find  the  place  of  Mercury  for  every  fourth  day ;  and  also  his 
time  of  rising,  southing,  and  setting. 

(7.  How  large  is  Mercury  ? 

T.  He  is  the  smallest  of  all  the  planets,  his  diameter  being 
close  upon  3000  miles. 

J,  But  his  situation  being  so  much  nearer  to  the  sun  than 

•  Or,  to  be  more  correct,  multiply  by  6 '832.    See  p.  4, 
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ours,  he  must  enjoy  a  considerably  greater  share  of  its  heat  and 
light. 

jT.  So  much  so,  that  the  heat  would  certainly  bum  every  com- 
bustible thing  belonging  to  the  earth,  were  she  similarly  situated. 
The  heat  of  the  sun,  at  Mercury,  must  be  7  times  greater  than 
our  summer  heat. 

(7.  And  do  you  imagine  that,  thus  circumstanced,  this  planet 
can  be  inhabited  ? 

T.  Not  by  such  beings  as  we  are,  unless  the  planet  is  protected 
from  the  intensity  of  the  heat  by  certain  gaseous  and  vaporous 
envelopes.  You  and  I  could  not  exist  at  the  bottom  of  the  sea ; 
yet  the  sea  is  the  habitation  of  millions  of  living  creatures :  why 
then  may  there  not  be  inhabitants^  in  Mercury,  fitted  for  the 
enjoyment  of  the  situation  which  that  planet  is  calculated  to 
afford  ?  If  otherwise,  we  must  be  at  a  loss  to  know  why  such 
a  body  was  formed :  certainly  the  planet  could  not  be  intended 
for  our  benefit,  for  it  is  rarely  even  seen  by  us. 
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Of  Venus, 

T,  We  now  proceed  to  Venus,  the  second  planet  in  the  order 
of  the  solar  system,  but  by  far  the  most  beautiful  of  them  all. 

J.  How  far  is  Venus  from  the  sun  ? 

T.  That  planet  is  68  millions  of  miles  from  the  sun,  and  she 
finishes  her  journey  in  224f  days ;  consequently  she  must  travel 
at  a  mean  velocity  of  80,000  miles  in  an  hour,  or  more  than  22 
miles  per  second. 

C,  Venus  is  larger  than  Mercury,  I  dare  say  ? 

T,  Yes,  she  is  nearly  as  large  as  the  earth,  which  she  resembles 
also  in  other  respects,  her  diameter  being  about  7800  miles,  and 
she  has  a  rotation  about  her  axis  in  23  hours  21  minutes  and  21 
seconds.  The  quantity  of  light  and  heat  which  she  enjoys  from 
the  sun  must  be  double  that  which  is  experienced  by  the  inhabit- 
ants of  this  globe. 

«/".  Has  she  any  difference  in  her  seasons,  as  there  is  here  ? 

T,  Yes,  in  a  much  more  considerable  degree.  The  axis  of 
Venus  inclines  about  76  degrees,  but  that  of  the  earth  inclines 
only  23  degrees;  and  as  the  variety  of  the  seasons  in  every 
planet  depends  on  the  degree  of  the  inclination  of  the  axis, 
it  is  evident  that  the  seasons  must  vary  more  with  Venus  than 
with  us. 

C,  Venus  appears  to  us  larger  sometimes  than  at  others. 
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T.  She  does ;  and  the  great  variations  of  the  apparent  dia- 
meter of  Venus  demonstrate  that  her  distance  from  ihe  earth  ia 
eiceedin^Iy  variahle.  It  is  the  largest  when  the  planet  passes 
over  the  disc  of  the  sun ;  that  ia,  aa  we  shall  soon  sec,  when 
there  U  a  transit.  Suppose  e  to  be  the  suu,  t  the  earth  in  her 
orbit,  and  a,  h,  c,  d,  e,  f,  Venua  in  hers;  now  it  is  evident  that 
when  Venus  is  at  o,  between  the  sun  and  the  earth,  she  would, 
if  visible,  appear  much  larger  than  when  she  is  at  d  in  opposition. 

J.  That  is  because  she  is  so  much  nearer  in  the  former  case 
than  in  the  latter,  being  in  the  sil 
from  the  earth  t,  but  at  d  she  is  ! 

T.  Now,  as  Venus 
passes  from  a,  tbroueh 
0,  c,  to  d,  she  maj  be  ob- 
served, by  means  of  a 
good  telescope,  to  have 
all  the  same  phases  as 
the  moon  has  in  passing 
from  new  to  full;  there- 
fore when  she  is  at  d  she 
is  full,  and  is  seen  among 
the  Hied  stars :  daring 
her  journey  from  d  to  e, 
she  proceeds  with  a  di- 
rect motion  in  her  orbit, 
and  at  e  she  will  appear 
to   an   inhabitant   of  the 

earth,  for  a  few  days,  to  yie  le 

be  stationary,  not  seem- 
ing to  change  her  place  among  the  fixed  stars,  for  she  is  comin({ 
towards  the  earth  in  a  direct  line:  but  in  passing  from  eVof, 
though  still  with  a  direct  motion,  yet  to  a  spectator  at  t,  her 
course  will  seem  to  be  back  again,  or  retTOgrade,  for  she  will 
seem  to  have  gone  back  from  :  to  y ;  her  path, will  appear  retro- 
grade till  she  gels  to  c,  when  she  will  again  ajipear  stationary, 
and  afterwards  from  c  toi^,  it  will  be  direct  among  the  fixed  stars. 

C.  When  is  Venus  an  evening  and  when  a  morning  star  ? 

T.  She  is  an  evening  star  all  the  while  she  appears  east  of  the 
sun,  and  a  morning  star  while  she  is  seen  west  of  him.  When 
she  is  at  a  she  will  be  invisible,  her  dark  side  being  towards  us, 
unless  she  be  exactly  in  the  node,  in  which  case  she  will  pass  over 
the  sun's  bee  like  a  little  bbck  spot 

J.  Is  that  called  the  transit  of  Venus  ? 

T.  It  is;  and  it  happens  twice  only  in  about  120  years.  By 
this  phenomenon  istnmomera  have  been  enabled  to  ascerttun 
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with  great  accuracy  the  distance  of  the  earth  from  the  sun ;  and, 
having  obtained  this,  the  distances  of  the  other  planets  are  easily 
found.  By  the  two  transits  which  happened  in  1761  and  1769, 
it  was  clearly  demonstrated,  that  the  mean  distance  of  the  earth 
from  the  sun  was  between  95  and  96  millions  of  miles. 
The  next  transit  of  Venus  will  be  in  December,  1874. 
C,  How  do  you  find  the  distances  of  the  other  planets  from 
the  sun,  by  knowing  that  of  the  earth  ?* 

T.  I  will  endeavour  to  make  this  plain  to  you.  Kepler,  a 
great  astronomer,  discovered  that  all  the  planets  are  subject  to 
one  general  law,  which  is,  that  the  squares  of  their  periodical 
times  are  proportional  to  the  cubes  of  tJieir  distances  from  the  sun, 
J,  What  do  you  mean  by  the  periodical  times  ? 
T.  I  mean  the  times  which  the  planets  take  in  revolving  round 
the  sun :  thus  the  periodical  time  of  the  earth  is  3651  days ;  that 
of  Venus  224|  daj'S  ;  that  of  Mercury  88  days. 

C.  How  then  would  you  find  the  distance  of  Mercury  from  the 
sun? 

T,  By  the  rule  of  three :  I  would  say  as  the  square  of  365 
days  (the  time  which  the  earth  takes  in  revolving  about  the  sun) 
is  to  the  square  of  88  days  (the  time  in  which  Mercury  revolves 
about  the  sun),  so  is  the  cube  of  95  millions  (the  distance  in 
miles  of  the  earth  from  the  sun)  to  a  fourth  number. 

O,  I  am  aware  that  a  number  multiplied  by  itself  is  a  square ; 
and  multiplied  twice  by  itself  is  a  cube.  So,  if  you  will  allow  me, 
I  will  square  aiid  cube  the  figures  as  you  have  expressed  them. 
865  squared  is  133,225 ;  88  squared  is  7744 ;  and  95  cubed  is 
857,375. 

T,  The  proportion  is  thus  expressed  ;  as  133,225  is  to  7744  so 
is  857,375  to  the  number  required.  If  you  work  that  as  a  rule 
of  three  sum,  by  multiplying  together  the  last  two  sums  arid 
dividing  by  the  first,  you  will  get  49,836. 
J.  And  is  that  the  distance  of  Mercury  from  the  sun  ? 
T.  No ;  it  is,  as  I  told  you,  the  cube  of  thfe  distance ;  the  cube 
root  of  this,  which  is  nearly  37,  is  the  mean  distance  in  millions 
of  miles.  You  will  find  37  twice  multiplied  by  itself  to  be  a  little 
over  this  number. 

C,  Does  Venus  turn  round  on  her  axis  ? 
T.  From  the  movement  of  certain  spots  upon  the  surface  of  the 
planet,  it  has  been  concluded  that  she  revolves  about  her  axLi  once 
in  23  hours,  21  minutes,  21  seconds. 

*  The  remainder  of  this  Conversation  may  he  omitted  h7  those  young  persons 
vbo  are  not  expert  in  arithmetical  operations. 
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CONVERSATION  XX. 

O/Mars. 
is  the  earth  and  her  satellite,  the  moon ;  but 
itice  has  already  been  taken ;  and,  thererore, 
we  shall  pass  on  to  the  planet  Mars,  which  is  tnown  in  the 
heavens  by  its  ii^ddr,  fiery  appearance.  Mars,  together  with 
Jupiter,  Saturn,  and  Herschel,  are  called  superior  planets,  because 
thej  are  outade  the  orbit  o!  the  earth. 

C,  At  what  distance  is  Mars  from  the  sun  ? 

T.  About  144  millions  of  miles ;  the  length  of  his  year  is  equal 
to  687  of  our  days ;  and,  therefore,  he  travels  at  the  rate  of  more 
than  53  thousand  miles  in  an  hour:  his  diurnal  rotation  on  his 
axis  is  performed  in  24  hours  and  37  minutes,  which  makes  hia 
figure  that  of  an  oblate  spheroid. 

J.  How  is  the  diurnal  motion  of  this  planet  discovered  1 

T.  By  means  of  a  very  large  spot,  which  is  seen  distinctly  on 
his  face,  when  he  is  in  that  part  of  lus  orbit  which  is  opposite  to 
the  sun  and  earth. 

C.  Is  Mara  as  large  as  the  earth  ? 

T.  No :  his  diameter  is  only  4500  miles,  which  is  rather  more 
than  half  that  of  the  earth.  And,  owii^  to  his  distance  from  the 
sun,  he  will  not  enjoy  one  half  of  the  Tight  and  heat  which  we 

J.  And,  yet,  I  be-  — 

lieve,  he  has  not  the 
benefit  of  a  moon? 

r.  No  moon  has  ever 
been  discovered  belong- 
ing either  to  Mercury, 
Venus,  or  Mars. 

C  Do  the  superior 
planets  exhibit  similar 
appearances  of  direct 
and  retrograde  motion 
to  those  of  the  inferior 
planets  ? 

T.  They  do:  sup- 
pose s  the  sun ;  a,  \ 
^\f,  9,K  the  earth  in 
different    parts  of  ita 

orbit,  and  m  Mars  in  FJg.  i>. 

his  orbit.    When  the 
earth  is  at  a.  Mare  will  appear  among  the  fixed  stars  at  x ;  when 
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by  its  annual  motion  the  earth  has  arrived  at  h,  d,  and/,  respec- 
tivelj,  the  planet  Mar9  will  appear  in  the  heavens  at  y,  z,  and 
v>:  when  the  earth  has  advanced  to  e;.  Mars  will  appear  stationarj 
st  o ;  to  the  earth,  in  its  journey  from  ff  to  A,  the  planet  will  seem 
to  go  baclcwards  or  retrograde  in  the  heavens  from  o  to  z,  and  this 
retrograde  motion  will  be  apparent  till  the  earth  has  arrived  at 
o,  when  the  planet  will  again  appear  stationary. 

J.  I  perceive  that  Mars  is  rebograde  when  in  opposition  ;  the 
same  is,  1  suppose,  applicable  to  the  other  superior  planets;  but 
the  retrograde  motion  of  Mercury  and  Venus  is  when  those 
planets  are  in  conjunction. 

T.  You  are  right :  and  you  see  the  reason,  I  dare  say,  why  the 
sDperior  planets  may  be  in  the  west  in  the  morning  when  the  sun 
rises  in  the  east,  and  the  reverse. 

C.  For  when  the  earth  is  at  d.  Mars  may  be  at  n,  in  which 
rase  the  earth  is  between  the  sun  and  the  planet.  I  observe  also 
that  the  planet  Mars,  and  consequently  the  other  superior  planets, 
are  mucn  nearer  the  earth  at  one  time  than  at  others. 

T.  The  difierence  with  respect  to  Mars  is  no  less  than  190 
millions  of  miles,  the  whole  length  of  the  orbit  of  the  earth. 
And  it   was  on  this  account  that  daring  the  latter  part  of  the 
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year  1845  he  appeared  to  the  naked  eye  almost  as  large  as 
Jupiter. 

J,  You  promised  to  explain,  when  you  came  to  speak  of  the 
planets,  the  meaning  of  the  word  heliocentric. 

T.  It  is  a  term  used  to  express  the  place  of  the  heavenly  body, 
as  seen  from  the  centre  of  the  sun ;  whereas  the  geocentric  place 
of  a  planet  is  the  position  which  it  has  when  seen  from  the  centre 
of  the  earth. 

C,  Will  you  show  us  by  a  figure  in  what  this  difference 
consists? 

T,  I  will :  let  s  represent  the  place  of  the  sun,  h  Venus  in 
its  orbit,  a  the  earth  in  hers,  and  c  Mars  in  his  orbit ;  and  the 
outermost  circle  will  represent  the  sphere  of  fixed  stars.  Now, 
to  a  spectator  on  the  earth  a,  Venus  will  appear  among  the  fixed 
stars  m  the  beginning  of  Scorpio,  but,  as  viewed  from  the  sun, 
she  will  be  seen  beyond  the  middle  of  Leo.  Therefore  the  geo- 
dentric  lon^tude  of  Venus  will  be  in  Scorpio,  but  her  heliocentric 
longitude  will  be  in  Leo.  Again,  to  a  spectator  at  a,  the  planet 
Mars  at  c  will  appear  among  the  fixed  stars  towards  the  end  of 
the  sign  of  Pisces ;  but,  as  viewed  from  the  sun,  he  will  be  seen 
at  the  beginning  of  the  sign  Aries :  consequently  the  geocentric 
longitude  of  Mars  is  in  Pisces ;  but  hb  heliocentric  longitude  is 
then  in  Aries. 
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Of  Jupiter, 

T,  We  now  come  to  Jupiter,  the  largest  of  all  the  planets, 
which  is  easily  known  by  his  peculiar  magnitude  and  brilliancy. 

C.  Is  Jupiter  larger  than  Venus  ? 

T.  Though  he  does  not  appear  so  large,  yet  the  magnitude  of 
Venus  bears  but  a  very  small  proportion  to  that  of  Jupiter,  whose 
diameter  is  88,000  miles ;  his  bulk  exceeds  the  bulk  of  Venus 
1500  times :  his  mean  distance  from  the  sun  is  estimated  to  be 
496  millions  of  miles. 

J,  Then  he  is  five  times  farther  from  the  sun  than  the  earth  ; 
and,  consequently,  as  light  and  heat  diminish  in  the  same  propoi^ 
tion  as  the  squares  of  the  distances  from  the  illuminating  body 
increase,  the  inhabitants  of  Jupiter  enjoy  but  a  twenty-fifth  part 
of  the  light  and  heat  of  the  sun  that  we  enjoy. 

T.  Another  thing  remarkable  in  this  planet  is,  that  it  revolves 
on  its  axis,  which  is  perpendicular  to  its  orbit,  in  about  10  hours ; 
and,  in  consequence  of  this  swift  and  diurnal  rotation,  his  equa- 
torial diameter  is  6000  miles  greater  than  his  polar  diameter. 
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C.  Since  then  a  variety  in  the  seasons  of  a  planet  depends  upon 
the  inclination  of  the  axis  to  its  orbit,  and  since  the  axis  of  Jupiter 
has  no  inclination,  there  can  be  no  difference  in  his  seasons,  nor 
any  in  the  length  of  his  days  and  nights. 

T.  You  are  right :  his  days  and  nights  are  always  ^^^  hours 
each  in  length ;  and  at  his  equator,  and  its  neighbourhood,  there 
is  perpetual  summer ;  and  an  everlasting  winter  reigns  in  the 
polar  regions. 

J.  What  is  the  length  of  his  year  ? 

T,  It  is  equal  to  nearly  12  of  ours,  for  he  takes  4,332  days, 
and  12  hours  to  make  a  revolution  round  the  sun ;  consequently 
he  travels  at  the  rate  of  about  30,000  miles  in  an  hour,  or  500 
miles  per  minute. 

This  noble  jJanet  is  accompanied  by  four  moons  or  satellites, 
which  revolve  about  him,  at  various  distances,  and  in  different 
periodical  times :  the  first  in  about  1  day  and  18  hours ;  the 
secoTid  in  3  days  13  hours  ;  the  third  in  7  days  4  hours  ;  and  the 
fourth  in  16  days  and  16.i  hours. 

C,  And  are  these  satellites,  like  our  moon,  occasionally 
eclipsed  ? 

T,  They  are  ;  and  their  eclipses  are  of  considerable  importance 
to  astronomers,  in  ascertaining  with  accuracy  the  longitude  of 
different  places  on  the  earth. 

C,  I  should  so  much  like  to  know  how  this  is  managed. 
T,  You  have  heard  of  chronometers:  they  are  large  watches 
or  time-pieces,  which  go  ynth  the  greatest  possible  regularity. 
They  rarely  keep  true  time,  but  they  have  what  is  called  a 
rate,  and  this  rate  in  a  good  chronometer  is  extremely  regular : 
if,  for  instance,  it  gains  a  tenth  of  a  second  in  a  day,  it  will  gain 
the  same  every  day,  and  not  gain  one  day  more  and  another 
day  less. 

C.  But  what  has  this  to  do  with  the  eclipses  of  Jupiter's  satel- 
lites? 

T.  You  have  seen  the  ball  at  Greenwich  fall  at  one  o'clock. 
The  ships'  captains  in  the  Thames  are  watching  it,  and  they 
compare  their  chronometers  with  it  the  last  thing  before  sailing ; 
and  having  been  previously  acquainted  vdth  the  rate,  they  thus 
take  ynth  them  from  home  true  Greenwich  time.  They  also 
take  with  them  the  Nautical  Almanac,  or  White's  Ephemens.  At 
pp.  36  and  37  of  the  latter,  they  find  a  table  of  the  eclipses  that 
are  visible  at  various  times  throughout  the  year.  Sixty  eclipses 
are  given  for  1853,  and  they  are  expressed  in  Greenwich  mean 
time.  We  will  take  the  instance  given  in  illustration  at  p.  37  of 
the  Almanac. 

*' Example. — Suppose  on  the  28th  day  of  Juue^  Ift^^^Njaa 
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•  time  of  the  emersion  of  Jupiter's  first  satellite  be  observed 
by  a  telescope  in  an  unknown  meridian  to  happen  at  9  h.  54  m. 
35  s.  in  the  morning,  mean  time  at  the  place.  We  find  by  the 
table  that  this  emersion  will  take  place  at  the  British  observatory 
at  9  h.  30  m.  59  s.  the  same  day :  the  difference  in  the  times  i& 
23  m.  36  s.,  which,  being  converted  into  degrees  and  minutes, 
will  make  5°  64'  fat  the  rate  of  4  minutes  to  a  degree],  the 
longitude  of  the  place  of  observation,  to  the  eastj  because  the 
time  is  more  than,  or  in  advance  of,  that  at  the  British  observa- 
tory." 

C,  I  quite  understand,  and  I  now  see  the  extreme  use  of  good 
chronometers ;  for  if  4  minutes  are  a  degree,  1  minute  is  15  miles 
on  the  equator,  or  the  4th  of  a  degree,  and  1  second  is  a  quarter 
of  a  mile,  or  4  seconds  a  mile ;  so  that  if  a  chronometer  were  a 
few  seconds  out,  the  ship  might  mistake  her  course  and  strike  on 
a  rock. 

T.  By  means  of  the  eclipses  of  Jupiter's  satellites,  a  method 
has  been  also  obtained  of  demonstrating  that  the  motion  of  light 
is  progressive,  and  not  instantaneous,  as  was  once  supposed. 
Hence  it  is  found,  that  the  velocity  of  light  is  nearly  11,000 
times  greater  than  the  velocity  of  the  earth  in  its  orbit,  and 
more  than  a  million  of  times  greater  than  that  of  a  ball  issuing 
from  a  cannon.  Rays  of  light  come  from  the  sun  to  the  earth  in 
8  minutes,  that  is,  at  the  rate  of  about  twelve  millions  of  miles  in 
a  minute. 

J.  Who  discovered  these  satellites  ? 

T.  They  were  first  seen  by  Galileo  in  1610.  He  took  them 
for  telescopic  stars,  but  farther  observations  convinced  him  and 
others  that  they  were  planetary  bodies. 

The  relative  situation  of  these  small  bodies  changes  at  every 
instant.  They  are  sometimes  seen  to  pass  over  the  face  of  the 
planet,  and  project  a  shadow  in  the  form  of  a  black  spot,  which 
describes  a  line  across  it.  Jupiter  presents  also  some  dark  belts 
on  his  surface. 
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0/ Saturn, 

T,  We  are  now  arrived  at  Saturn  in  our  descriptions,  which, 
till  within  these  seventy-eight  years,  was  esteemed  the  most  remote 
planet  of  the  solar  system. 

C.  How  is  he  distinguished  in  the  heavens  ? 

T.  He  shines  with  a  pale  dead  light,  very  unlike  the  brilliant 
Jupiter^  yet  his  magnitude  seems  to  vie  with  that  of  Jupiter 
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himself.  The  mean  diameter  of  Saturn  is  73  thousand  miles  :  his 
distance  from  the  sun  is  more  than  900  millions  of  miles,  and  he 
performs  his  journey  round  that  luminary  in  a  little  less  than  30 
of  our  years,  consequently  he  travels  at  an  average  rate  of  22,000 
miles  an  hour. 

J,  His  great  distance  from  the  sun  must  render  an  abode  on 
Saturn  extremely  cold  and  dark  too,  in  comparison  to  that  we 
experience  here. 

T.  His  distance  from  the  sun  being  between  9  and  10  times 
greater  than  that  of  the  earth,  he  enjoys  about  90  times  less  light 
and  heat ;  it  has  nevertheless  been  calculated,  that  the  light  of 
the  sun  at  Saturn  is  600  times  greater  than  that  which  we  enjoy 
from  oxxvfull  moon, 

C.  The  daylight  at  Saturn,  then,  cannot  be  very  contemptible  ; 
I  should  hardly  have  thought  that  the  light  of  the  sun  even 
here  was  500  times  greater  than  that  experienced  from  a  full 
moon. 

T,  So  much  greater  is  our  meridian  light  than  this,  that  during 
the  sun's  absence  behind  a  cloud,  when  the  light  is  much  less 
strong  than  when  we  behold  him  in  all  his  glorious  splendour,  it  is 
reckoned  that  our  daylight  is  90,000  times  greater  than  the  light 
of  the  moon  at  its  full. 

J.  But  Saturn  has  several  moons,  I  believe  ? 

T,  He  is  attended  by  eight  satellites,  or  moons,  whose  periodical 
times  differ  very  much ;  the  one  nearest  to  him  performs  a  revolu- 
tion round  the  primary  planet  in  22  h.  37  m.  5^2*6  s. ;  and  that 
which  is  most  remote  takes  79  days  and  7  hours  for  his  monthly 
journey.  This  last  satellite  is  known  to  turn  on  its  axis,  and  in 
its  rotation  is  subject  to  the  same  law  which  our  moon  obeys,  that 
is,  it  revolves  on  its  axis  in  the  same  time  in  which  it  revolves 
about  the  planet. 

Prof.  Bond  of  Cambridge,  U.  S.,  observed  an  eighth  satellite 
of  Saturn  on  Sept.  16,  1848 ;  and  on  Sept.  18th  of  the  same 
year  it  was  discovered  by  Mr.  Lassel,  who  named  it  Hyperion, 
The  names  of  the  other  seven  in  their  order  of  distance  are 
Mimas,  Enceladus,  Tethys,  Dione,  Bhea,  Titan,  and  Japetus, 
Its  revolution  is  performed  in  21  days  4f  hours.  Its  place  is 
between  Titan  and  Japetus.  Its  discovery  is  somewhat  ana- 
logous to  that  of  the  Asteroids ;  as  there  was  a  large  blank 
between  these  two  moons  analogous  to  the  unusual  distance 
between  Mars  and  Jupiter,  where  the  Asteroids  were  discovered, 
and  where,  of  late,  a  complete  cluster  of  new  planets  has  also 
been  found. 

Besides  the  eight  moons,  Saturn  is  encompassed  with  broad 
rings,  which  are  probably  of  considerable  importance  in  reflecting 

1L 


130  ASTBONOUT. 

the  light  of  the  bud  to  that  planet :  the  breadth  of  the  inner  ring 
is  16,500  miles,  that  of  the  outer  ring  is  10,000  miles,  and  the  va- 
cant apace  between  the  two  rings  U  2839  miles.  These  rings  give 
Saturn  a  very  different  appearance  from  any  of  the  other  planets. 

In  Nov.  1850,  Prof.  Bond  in  America,  and  Prof.  I-asseil  in 
England,  noticed  the  appearance  of  a  third  and  inner  ring, 
which  appeared  to  the  latter  like  as  if  a  veil  of  crape  covered 
the  eky  within  the  ancient  inner  ring,  eilending  towards  ihe 
planet,  but  leaving  the  black  view  of  the  sky  belween  itself  and 
the  body  of  the  pianeL  There  appeared,  also,  a  dark  line 
toward  the  outer  edge  of  the  outer  ring.  The  following  is  from 
a  sketch  made  by  Mr.  Dawes  of  Wateringburg,  at  whose  obser- 
■vatory  the  phenomena  were  seen.  It  h  from  the  Proceedings  of  the 
Astronomical  Society  for  Dec.  13,  1850;  and  gives  a  telescopic 
view  of  this  planet,  according  to  the  most  recent  discoveries. 


J.  Is  it  known  of  what  nature  the  ring  is  ? 

T,  Dr.  Herschel  thinks  it  no  less  solid  than  the  body  of  the 
.  planet  itself,  and  he  has  found  that  it  casts  a  strong  shadow  upon 
the  planet.  The  light  of  the  ring  is  brighter  than  that  of  the 
planet;  for  the  ring  appears  sufficiently  bright  for  observation  at- 
times  when  the  telescope  scarcely  affords  light  enough  to  give  a 
fair  view  of  Saturn. 

C.  Is  it  known  whether  Saturn  turns  on  its  ajtis  ? 

T.  Yea ;  astronomers  of  the  present  day  calculate  that  he 
revolves  upon  his  axis  in  10  days  16  hours.  According  to 
Dr.  Herschel  it  has  a  rotation  about  its  axis  in  12  hours  13i 
minutes :  this  he  computed  from  the  equatorial  diameter  in  the 
proportion  of  11  to  10.  Dr.  Herschel  lias  also  discovered,  that 
the  ring  just  mentioned  revolves  about  the  planet  in  12^  hours, 
which  IS  also  the  time  of  the  planet's  rotation  on  its  aiis. 
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CONVERSATION  XXIII. 

Of  Eerschel, 

T,  We  have  but  one  other  planet  to  describe,  that  is  Herschel. 

J.  Was  it  discovered  by  Dr.  Herschel  ? 

T.  It  was,  on  the  13th  March,  1781  ;  and  therefore  by  many 
astronomers  it  was  denominated  Herschel ;  though,  by  the  doctor 
himself  it  was  named  the  Georgium  Sidus,  or  Georgian  Star,  in 
honour  of  George  III.,  who  was  for  many  years  a  liberal  patron 
of  this  great  and  most  indefatigable  astronomer.  Astronomers 
now  usually  call  tWs  planet  Uranus, 

C,  I  do  not  think  that  I  have  ever  seen  this  planet. 

T,  Its  apparent  diameter  is  too  small  to  be  discerned  readily 
by  the  naked  eye ;  but  it  may  be  easily  discovered  on  a  clear 
night,  when  it  is  above  the  horizon,  by  means  of  a  good  tele- 
scope, its  situation  being  previously  known  from  the  "Ephe- 
meris." 

J,  Is  it  owing  to  the  smallness  of  this  planet,  or  to  its  great 
distance  from  the  sun,  that  we  cannot  see  it  with  the  naked  eye  ? 

T.  Both  these  causes  are  combined :  in  comparison  with 
Jupiter  and  Saturn  he  is  small,  his  diameter  being  about  36 
thousand  miles ;  and  his  distance  from  the  sun  is  estimated  at 
1829  millions  of  miles.  He  performs  his  journey  in  84  of  our 
years ;  consequently  he  must  travel  at  a  mean  velocity  of  15,600 
«  miles  an  hour,  or  4^  in  a  second. 

C  But  if  this  planet  has  been  discovered  only  60  years,  how 
is  it  known  that  it  will  complete  its  revolution  in  84  years  ? 

T,  By  a  long  series  of  observations  it  has  been  found  to  move 
with  such  a  velocity  as  would  carry  it  round  the  heavens  in  that 
period.  And  all  the  computations  of  its  places,  conducted  upon 
that  supposition,  are  found  to  be  correct. 

J,  How  many  moons  has  Herschel  ? 

T,  Sir  W.  Herschel  considers  that  he  has  seen  six ;  but  four 
alone  have  been  seen  with  certainty  by  recent  observers : 

d.    h. 
Ariel,  whose  period  is  2  12 
Umbriel  ,,  4    4 

Oberon  „  8  17 

Titania  „  13  11 

C.  Is  there  any  idea  formed  as  to  the  light  and  heat  enjoyed  by 
this  planet  ? 

T,  His  distance  from  the  sun  is  3  9  times  greater  than  that  of 
the  earth ;  consequently,  since  the  square  of  19  is  361,  the  U^Kt 
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and  heat  experienced  by  the  inhabitants  of  that  planet  must  be 
361  times  less  than  we  derive  from  the  rays  of  the  sun. 

The  proportion  of  light  enjoyed  by  UrSnus  has  been  estimated 
at  about  equal  to  the  effect  of  249  of  our  full  moons. 

The  following  list  will  give  you  a  general  idea  of  the  relative 
distances  of  the  planets  from  the  sun,  with  their  diameters,  and 
the  lengths  of  their  years : — 


Relative  mean 

distance  from 

Diameter. 

Length  of  Year. 

the  Sun. 

Miles. 

•       Days. 

Mercury  . 

0-3871 

2,950 

88 

Venus 

0-7233 

7,800 

224| 

Earth       . 

1-0000 

7,912 

365^ 

Mars 

1-5237 

4,500 

687 

Jupiter    . 

5-2028 

88,000 

4,433 

Saturn     . 

9-5388 

73,000 

10,759 

Uranus    . 

19-1824 

36,000 

30,687 

Neptune  . 

30-0368 

35,000 

60,127 

You  will  notice  that  the  relative  distance  between  Mars  and 
Jupiter  is  great,  and  that  there  is  a  great  difference  between  the 
lengths  of  their  years.  In  our  next  conversation,  I  will  give  you 
a  table  of  the  new  planets,  which  you  will  find  fall  into  this 
interval. 


CONVERSATION  XXIV. 

The  New  Planet  Neptune. — The  Sixty -five  New  Asteroids. 

J.  I  shall  be  glad  to  have  some  information  respecting  the 
new  planets,  of  which  I  am  aware  that  many  have  been  lately 
discovered. 

T.  The  discovery  of  a  planet  was  wont  to  give  a  lasting  name 
to  the  astronomers  who  were  so  fortunate  as  to  have  first  seen 
one ;  and,  with  the  exception  of  Ur&nus  and  of  the  four  aste- 
roids, none  other  had  been  discovered  until  very  recently.  A 
new  era  commenced  in  1845 ;  when,  on  Dec.  8,  a  new  planet 
was  discovered  by  Dr.  Hencke.  Like  the  asteroids,  it  was  be- 
tween the  orbits  of  Mars  and  Jupiter  ;  and  this  has  been  followed 
by  quite  a  cluster  of  others  having  been  detected  in  the  same 
region  of  the  solar  system.     But,  before  I  give  you  the  list,  I 
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will  describe  the  second  in  the  series  of  discoveries,  which  fol- 
lowed in  Sept.  1846.  It  is  remarkable  as  one  of  the  finest  illus- 
trations of  inductive  reasoning  and  of  the  perfection  of  mathe- 
matical calculations. 

C,  I  thought  the  discovery  of  planets  was  by  observation  only. 
I  cannot  understand  how  the  existence  of  a  new  planet  can  be 
determined  by  calculation ;  and  even  if  so,  where  astronomers  are 
to  direct  their  telescopes  to  look  for  it  ? 

T,  Astronomers  had  been  for  a  long  time  puzzled  at  certain 
irregularities  that  occurred  with  Ur&nus,  which  could  not  be 
reconciled  with  any  known  causes.  Much  correspondence  had 
taken  place  upon  this  matter ;  and  it  had  occurred  to  more  than 
one  astronomer  that  these  irregularities  could  only  be  accounted 
for  on  the  supposition  of  there  being  some  unknown  planet,  with 
an  orbit  exterior  to  that  of  UrSnus.  Mr.  Adams  of  Cambridge,  on 
the  one  hand,  and  M.  Le  Yerrier  of  Paris,  on  the  other  hand,  had 
taken  up  the  subject,  and  had  each  gone  through  a  course  of 
elaborate  mathematical  calculations,  which  led  them  to  give 
instructions,  that  were  followed,  on  the  one  hand,  by  Professor 
Challis,  and,  on  the  other,  by  Dr.  Gall^  and  by  others,  to  search' 
certain  parts  of  the  heavens  in  the  reasonable  hope  of  detecting 
the  loDg-suspected  stranger. 

On  July  30th,  on  August  4th,  and  on  August  12th,  1846, 
Professor  Challis  was  searching  the  heavens  for  this  planet,  and 
actually  saw  it  on  the  two  latter  days  ;  but,  unfortunately,  he  did 
not  fully  compare  the  respective  lists  of  observations  until  after  it 
had  been  actually  seen  by  the  continental  astronomers.  Had  he 
done  so,  he  would  have  then  found,  as  he  ultimately  did  on 
fiuther  reference,  that  one  star  was  missing  in  his  observations  of 
July  30th,  that  was  found  in  those  of  August  12th  ;  and  this  was 
the  planet  Neptune. 

C.  Dear  me,  how  unfortunate !  And  what  is  the  history  of 
the  actual  discovery,  or  first  sight  ? 

T.  M.  Le  Verrier  had  communicated  a  second  of  two  papers, 
on  the  place  of  this  planet,  to  the  French  Acadamy  on  the  31st 
of  August  of  the  same  year.  The  astronomer  royal,  Mr.  Airy, 
says,  in  respect  to  this,  *  *  I  cannot  attempt  to  convey  to  you  the 
impression  which  was  made  on  me  by  the  author's  undoubting 
confidence  in  the  general  truth  of  his  theory  ;  by  the  calmness 
and  clearness  with  which  he  limited  the  field  of  observation  j  and 
by  the  firmness  with  which  he  proclaimed  to  observing  astrono- 
mers, *  Look  in  the  place  which  I  have  indicated ,  and  you  will 
see  the  planet  well.*  " 

On  September  23rd  he  communicated  his  principal  conclusions 
to  the  astonomers  of  the  Berlin  Observatory ;  and,  following  bis 
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instructions,  they  examined  the  regions  of  the  heavens  indicated 
to  them  ;  and  on  the  self-same  evening,  Dr.  Galle  was  the  first  to 
obtain  a  sight  of  the  new  planet,  whose  place  had  thus  been  so 
faithfuUy  indicated. 

On  September  29th,  Professor  Challis,  who  had  been  no  less 
struck  with  the  sagacity  and  clearness  of  M.  Le  Verrier's  latest 
indications,  which  only  that  day  reached  him,  made  observations, 
and  examined  some  300  stars,  of  which  one  caught  his  attention, 
and  was  specially  noted,  as  it  ^^  seemed  to  have  a  disc ;"  and  this 
subsequently  proved  to  be  Neptune.  The  following  night  was  un- 
favourable ;  and  on  October  1st,  the  information  reached  him  of 
its  having  been,  as  I  before  said,  recognised  by  Dr.  Galle,  on  the 
23rd  of  September, 

Another  curious  thing  in  the  history  of  this  planet  is,  that  it 
was  actually  seen  on  May  8th  and  10th,  1795,  by  Lalande ;  but 
its  subsequent  absence,  as  it  moved  in  its  orbit,  was  overlooked. 
It  was  also  seen  by  Dr.  Lamont,  at  Munich,  on  October  25th,  1845, 
and  on  September  7th,  1846 ;  but  was  taken  then  to  be  a  star, 
.  and  noted  as  such. 

It  has  a  ring  ;  and  is  very  like  Saturn  in  appearance.  Lassell 
has  discovered  one  satellite,  which  revolves  in  5  days  21  hours. 
Whether  this  is  the  only  one,  remains  for  future  observation.  He 
once  thought  he  caught  sight  of  a  second  ;  but  this  has  not  been 
confirmed.  Neptune's  year,  or  period  of  revolution  in  the  orbit, 
is  60,127  days,  or  about  164i  years.  Its  diameter  is  35,000  miles. 

C,  We  are  so  accustomed  to  travel  everywhere  by  the  railroad, 
that  I  should  like  to  know  how  many  years  it  would  take  to  reach 
some  of  these  planetary  bodies  by  that  mode  of  carriage. 

T,  Supposing  we  started  from  the  sun  at  the  uniform  railroad 
speed  of  ttdrty-three  miles  per  hour,  we  should  reach — 

Jupiter  in  1,712  years. 

Saturn  „  3,113     „ 

Uranus  „  6,226     „ 

Neptune  „  9,685     „ 

If,  therefore,  a  person  had  commenced  his  journey  at  the 
Christian  era,  he  would  now  have  to  travel  nearly  1,300  years 
before  he  would  arrive  at  the  planet  Saturn ;  more  than  4,300 
years  to  reach  Uranus ;  and  no  less  than  7,800  years  before  he 
could  reach  the  orbit  of  Neptune. 

(7.  And  what  are  the  other  new  planets  ] 

T.  The  following  is  a  complete  list  of  the  minor  planets  very 
recently  discovered  between  the  orbits  of  Mars  and  Jupiter,  up 
to  1853  (the  date  of  the  last  edition  of  this  book),  and  now  com- 
plete to  1861 :— 
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Relative 

1 

Mean 
Distance 
from  the 

Sun. 

Length  of 
Year. 

Discovered  by 

Time  of  Dis- 
covery. 

Symbol. 

8.  Flora. 

2-202 

Days. 
1193 

Find. 

Oct.  18,1847. 

<$ 

18.  Melpomene 

2-297 

1275 

Hind. 

Jnne24,1852. 

* 

12.  Victoria     . 

2-335 

1303 

Hind. 

Sept.  13, 1850. 

S 

20.  Massilia    . 

2-350 

1316 

Chacomac. 

Sept.  20, 1852. 

4.  Vesta     .    . 

2-361 

1326 

OJbers. 

Mar.  29, 1807. 

7.  Iris  .    .    . 

2-381 

1342 

Hind. 

Aug.  13, 1847. 

9.  Metis    .    . 

2-386 

1346 

Graham. 

Apr.  25,  1848. 

<D> 

V 

6.  Hebe     .    . 

2*426 

1380 

Hencke. 

July    1,1847. 

11.  Parthenope 

2-426 

1380 

De  Gasparis. 

May  11, 1850. 

10 

19.  Fortnna     . 

2*446 

1397 

Hind. 

Aug.  22. 1852. 

® 

17.  Thetis  .    . 

2-491 

1436 

Lather. 

Apr.  17, 1852. 

fp 

5.  Astrsea  .    . 

2-577 

1513 

Hencke. 

Dec.    8, 1845. 

* 

13.  Egeria  .    . 

2-579 

1513 

De  Gasparis. 

Nov.   2,1850. 

^ 

14.  Irene     .    . 

2-584 

1517 

Hind.* 

May  19, 1851. 

i 

21.  Lutetia .    . 

2-605 

1536 

Goldschmidt. 

Nov.  15, 1862. 

16.  Eonomia   . 

2-648 

1573 

De  Gasparis. 

July  29, 1851. 

6 

3.  Jtmo.    .    . 

2-671 

1593 

Harding, 

Sept.  1,1804. 

t 

23.  Thalia  .    . 

2-707 

1627 

Hind. 

Dec.  15, 1852. 

1.  Cera     .    . 

2*768 

1682 

Piazzi. 

Jan.    1,1801. 

Q 

2.  Pallas  .    . 

2-773 

1686 

Olbers, 

Mar.  28, 1802. 

t 

22.  Calliope.    . 

2*941 

-    1842 

Hind. 

Nov.  16, 1852. 

16.  Psyche  .    . 

3-101 

1995 

De  Gasparis. 

Mar.  17, 1862. 

• 

10.  Hygeia  .    . 

3-122 

2015 

De  Gasparis. 

Apr.  12, 1849. 

%' 

*  Discovered,  independently,  by  De  Gasparis,  May  23, 1851. 

I  have  placed  them  in  the  order  of  their  distance  from  the  sun ; 
and  have  included  the  four  that  were  discovered  early  in  the 
present  century,  inasmuch  as  they  belong  to  this  group.  Exclusive 
of  these  four,  there  are  no  less  than  nineteen,  three  of  which  were 
discovered  while  I  was  preparing  the  list  in  1853. 

C.  Are  then  the  whole  of  the  minor  planets  discovered  up  to 
the  present  time  ? 

T.  No  ;  I  have  kept  this  list  distinct  in  order  to  show  you  that  in 
about  7  years  the  number  has  been  almost  trebled,  as  you  will  see 
in  the  next  list. 
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Lilt  of  Minor  FianeU  discovered  si 


N«. 

D-,-D-™,. 

Di-™-. 

» 

Themii  .    .     .    . 

April      S.  1«B      . 

DeGup-ri.- 

Apnl     8.1«S3      . 

38 

FroKHiiiia 

M.J       B.  1«B      . 

Kn»rj«. 

Kor,      8,  1S5S      . 

38 

Bell™.- 

Hirch    1,  I6M 

Lmher. 

28 

Amphitrilc 

M»fiA    2,  loH 

» 

JoJt      22,  1M4       . 

M 

EuphrMjiM 

Sinsidi. 

S3 

l>oljhjmki» 

oci,  !s.  iKM  ; 

Circe      . 

April      8,  1»M       . 

Chieomib 

April  IB,  iiue     . 

LiUber. 

99 

AUImU 

^      !^  ■ 

GoLdictaraidt 

Fidu      . 

i*a«.   . 

SB 

LetitU  . 

Feb.        8,  I86«       '. 

40 

Huch  31,1850       . 

GcddKiimidL 

D^ie. 

MV      a^  1868       . 

42 

■«>    .     . 

Mi:,    23,iMa     . 

Pogwn. 

43 

Nju  : 

is"  S.iS  : 

OoUs^niidt 

« 

EogcnU. 

June    %  laS7      . 

GaldHbmidt 

4e 

U«CU.    . 

Aug.     1«I8E7      . 

ESS; 

46 

Don.      . 

Srpt.    19.IS67      . 

OoldKhiDidt. 

40 

P»l«      . 

B^     1S1857       . 

Vuglni. 

Oet.       4,  I8S7      . 

Fergiu™.U.S. 

J»0.      22,  1»B8       . 

eS^. 

Feb.       e.  I8G8      . 

Gold^SmldC. 

(3 

C^IKO. 

April      4,  1858       . 

Lnther, 

Aleiudn 

Sept.    10,1858      . 

GuldKhMidt. 

Sept    10.1868       . 

Beule. 

« 

P«adDDq>hiu      . 

Sept      B,  1867      . 

rssjsss' 

8tpt     22,  1869       . 

Much  24.  1880       . 

Luther! 

Sept.     12,1S«0       . 

Chieornsc. 

81 

TeluuB  .... 

t^     \l-\^       ■ 

Fermson,  U.S. 
GoldKluflult. 

liST     ",   '■     -     ^ 

Oct      tisao     : 

ForMer. 

Feb.     10,  1880      . 

ssr- 

M 

HHeh   4,1881      . 

Jl 

' 

Mirch   B,  1981      . 

i™ji. 

n  Hud  oliiierTfd  on  Beptember  1^  but  d< 


■od  how  (he  second  column  in  the  first 

from  the  sun. 

eiplanation.     It  is  there  eip^ssed  in 

is  given  in  whole  numbers  and  deci- 

rth  is  95  millions  of  miles  from  the 

nore  than   twice  as  far  off:  the  exact 
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relation  is  expressed  by  2*202 ;  and  the  actual  distance  is  obtained 
by  multiplying  those  figures  by  95,  and  putting  the  dot  in  the 
same  place,  counting  from  the  right  thus : — 

2-202 
95 


11010 
19818 


209-  190; 

which  shows  that  Flora  is  somewhat  more  than  209  millions  of 
miles  from  the  sun ;  in  fact,  about  209,190,000  miles  off. 

I  will  not  trouble  you  with  anything  further  respecting  these 
bodies  now.  You  will  find  the  place  of  their  discovery  duly 
mapped  out  successively  year  by  year  in  the  Illustrated  London 
Almanack.  I  have  no  information  for  you  respecting  the  re- 
lative diameter  of  these  bodies  ;  for  they  are  not  measurable. 


CONVERSATION  XXV. 

Of  Comets. 

T,  Besides  the  eight  primary  and  the  sixty-five  minor  planets, 
which  we  have  been  describing,  there  are  other  bodies  belonging 
to  the  solar  system,  called  comets. 

C.  Do  comets  resemble  the  planets  in  any  respect  ? 

T,  Like  them,  they  are  supposed  to  revolve  about  the  sun 
in  elliptical  orbits,  and  to  describe  equal  areas  in  equal  times  ; 
but  they  do  not  appear  to  be  adapted  for  the  habitation  of  ani- 
mated beings,  owing  to  the  great  degrees  of  heat  and  cold  to 
which,  in  their  course,  they  must  be  subjected,  in  consequence  of 
thegreat  eccentricity  of  most  of  their  orbits. 

The  comet  seen  by  Sir  Isaac  Newton  in  the  year  1680  was 
observed  to  approach  so  near  the  sun,  that  its  heat  was  estimated 
by  that  great  man  to  be  2000  times  greater  than  that  of  red-hot 
iron. 

J,  It  must  have  been  a  very  solid  body  to  have  endured 
such  a  heat  without  being  entirely  dissipated. 

T.  So  indeed  it  should  seem ;  and  a  body  thus  heated  must 
retain  its  heat  a  long  time  ;  for  a  red-hot  globe  of  iron,  of  a  single 
inch  in  diameter,  exposed  to  the  open  air,  will  scarcely  lose  all 
itg  heat  in  an  hour ;  and  it  is  said,  tnat  a  globe  of  red-hot  iron,  as 
large  a£  our  earth,  would  scarcely  cool  in  50,000  years* 
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The  nucleus  is  a  small,  brilliant,  and  diamond-like  substance  in 
the  centre :  it  has  been  measured  in  some  comets.  In  Biela's  it  is 
given  at  from  70  to  112  miles ;  in  other  comets  two,  three,  four, 
and  five  thousand  miles.  In  the  comet  of  1845,  the  nucleus  was 
as  large  as  the  earth.  Halley*s  comet,  at  one  time,  showed  a 
nucleus  from  260  to  1000  miles  in  diameter ;  and  in  a  few  months 
it  appeared  to  be  97,000  miles. 

The  head  includes  the  bright  surrounding  light  and  the  nebu- 
lous coma,  or  atmosphere,  about  the  nucleus.  The  head  of  the 
comet  of  1811  was  about  a  million  of  miles  in  diameter;  that  of 
Hailey's  and  of  Encke*s  upwards  of  a  third  of  a  million  of  miles  ; 
but  the  diameters  much  vary  as  they  approach  the  sun,  becoming 
less  and  not  greater. 

The  tail  is  the  most  brilliant  appendage  of  comets,  but  is  not 
found  with  all.  Its  visible  length  is  extremely  various  ;  in  some 
extending  over  a  few  degrees  oi  the  heavens,  and  in  others,  as  in 
the  "  Expected  Great  Comet,"  upwards  of  10^,  Some  tails 
are  bifurcated,  others  are  bushy  and  branchy  ;  some  are  long  and 
slender,  others  short  and  thick.  The  actual  lengths  of  the  tails 
vary  from  about  a  quarter  of  a  million  to  100  and  200  millions  of 
miles. 

E.  When  was  the  great  comet  expected  ?  Do  tell  us  some- 
thing about  it. 

T,  It  was  seen  last  in  a.  d.  1556;  its  period  is  not  exactly 
known ;  but  is  computed  by  M.  Bomme,  from  the  elements  re- 
spectively of  Halley  and  of  Hind,  to  be  somewhat  over  300  years, 
and  it  was  looked  for  in  August  1858  and  August  1860.  It  is 
supposed  to  have  been  the  same  as  that  seen  in  1264,  and  will  be, 
if  it  comes,  a  most  magnificent  visitor.  When  its  head  was  in  the 
horizon,  its  tail  extended  beyond  the  zenith.  It  is  the  greatest  of 
all  the  comets,  and  excited  universal  wonder.  Instead  of  this 
monster  comet  (curiously  enough)  there  appeared  an  entirely  new 
one,  called  Donati's  Comet,  which  is  thus  spoken  of  by  Mr.  Hind 
in  the  Times  of  Oct.  15,  1858  :— 

**  The  comet  which  is  just  now  recediner  from  view  in  these 
latitudes  was  first  discovered  by  Dr.  G.  B.  TDonati,  astronomer  at 
the  Museum  of  Florence,  on  the  evening  of  the  2nd  of  June, 
.1858,  in  right  ascension  141°  18',  and  north  declination  23°  47', 
corresponding  to  a  position  near  the  star  X  Leonis.  Previous  to 
this  date  we  had  no  knowledge  of  its  existence,  and  therefore  it 
was  not  a  predicted  comet ;  neither  is  it  the  one  last  observed  in 
1556.  At  the  date  of  discovery  it  was  distant  from  the  earth 
228,000,000  miles,  and  was  an  excessively  faint  object  in  the 
largest  telescopes.  This  circumstance,  added  to  its  very  slow 
motion,  rendered  the  calculation  of  its  path  in  the  heavens  a 
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matter  of  considerable  difficulty  ;  and  it  was  not  until  the  middle 
of  August,  or  later,  that  a  trustworthy  determination  of  its  future 
track  among  the  stars  could  be  obtained.  It  is  now  fairly  within 
our  grasp,  and  astronomers  are  not  likely  to  be  ignorant  of  its 
position  to  any  extent  until  it  is  again  within  the  range  of  the 
telescope  in  Europe  more  than  2000  years  hence. 

"  The  tail  during  the  last  fortnight,  when  the  comet  has  been 
most  conspicuous,  appears  to  have  maintained  an  average  length 
of  at  least  40,000,000  miles,  subtending  an  angle  varying  from 
30^  to  40*^.  The  dark  line,  or  space  down  the  centre,  frequently 
remarked  in  other  great  comets,  has  been  a  striking  characteristic 
in  that  of  Donati.  The  nucleus,  though  small,  has  been  intensely 
brilliant  in  powerful  instruments,  and  for  some  time  bore  high 
magnifiers  to  much  greater  advantage  than  is  usual  with  these 
objects.  In  several  resjiects  this  comet  has  resembled  the  famous 
ones  of  1744,  1680,  and  1811,  particularly  as  regards  the  signs  of 
violent  agitation  going  on  in  the  vicinity  of  the  nucleus,  such  as 
the  appearance  of  luminous  jets,  spiral  offshoots,  &c.,  which  have 
rapidly  emanated  from  the  planetary  point,  and  as  quickly  lost 
themselves  in  the  general  nebulosity  of  the  head. 

E.  Of  what  does  the  tail  of  a  comet  consist  ? 

T.  That,  my  dear,  it  is  impossible  to  determine :  all  I  could 
say  would  be  only  conjecture.  After  all  the  exertions  of  astrono- 
mers of  different  countries,  there  is  no  class  of  celestial  objects 
whose  theory  is  so  little  advanced  as  that  of  comets.  We  will, 
therefore,  dwell  no  longer  upon  it.* 


CONVERSATION  XXVI. 

0/  the  Sun, 

T.  Having  given  you  a  particular  description  of  the  planets 
which  revolve  about  the  sun,  and  also  of  the  satellites  which  travel 
round  the  primary  planets  as  central  bodies,  while  they  are  car- 
ried at  the  same  time  with  these  bodies  round  the  sun,  we  shall 
conclude  our  account  of  the  solar  system  by  taking  some  notice  of 
the  Sun  himself. 

J.  You  told  us,  a  few  days  ago,  that  the  sun  has  a  rotation  on 
its  axis ;  how  is  that  known  ? 

T.  By  the  spots  on  his  surface  it  is  known  that  he  completes  a 
revolution  from  west  to  east  on  his  axis  in  about  25  days,  two 

*  Those  who  wish  for  more  particulars  on  this  subject  are  referred  to  **  Scientific 
Notices  of  Comets,  from  the  Frenchof  M.  Arago,  by  Col.  O.  Gold;"  and  Mr.  Hind's 
work,  already  mentioned. 
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days  less  than  hia  wpparent  revolution,  in  consequence  of  the 
earth's  motion  in  her  orbit  in  the  same  direction. 

C.  Is  the  figure  of  the  sun  globular  ? 

T.  VeiT  nearly  so;  there  is  no  sensible  difference  in  the  sun's 
diameter  m  a  vertical  or  horizontal  direction. 

The  sun's  diameter  is  equal  to  112  diameters  of  the  earth,  and 
therefore  his  bulk  must  be  more  than  a  million  of  times  greater 
than  that  of  the  earth ;  but  the  density  of  the  matter  of  which  it 
is  composed  is  four  times  leas  than  the  density  of  our  globe. 

We  nave  already  seen  that,  by  the  attraction  of  flie  sun,  the 
planets  are  relained  in  their  orbits,  and  that  to  him  they  are  in- 
debted for  light,  heat,  and  motion. 

We  can  hardly  suppose,  however,  that  the  sun,  a  body  three 
hundred  times  larger  than  all  the  planets  together,  was  created 
only  to  preserve  the  periodic  motions,  and  give  light  and  heat  to 
the  planets.  Many  astronomers  have  conjectured  that  its  atmo- 
sphere only  is  luminous,  while  its  body  is  opaque,  and  probably 
of  a  constitution  analt^ous  to  that  of  the  planets.  Allowing, 
therefore,  thai  its  luminous  atmosphere  only  extricates  heat,  we 
eee  no  reason  why  the  sun  itself  should  not  be  inhabited. 

J.  For  my  part,  sir,  I  am  at  once  inclined  to  believe  this ;  be- 
cause it  accords  completely  with  all  one's  preconceived  sentiments 
of  the  wisdom  and  goodness  of  the  Great  Creator  of  the  universe, 

T.  Mr.  Dawes  modified  the  eye-piece  of  hia  teleaeopca,  so  as 
to  enable  him  to  examine  more  closely  the  spots  on  the  surface  of 
the  sun.  Fig.  22.  represents  a  spot  examined  on  Jan.  17,  and 
Jan.  23,  1852.  It  consists  of  a  penumhral  portion  a,  of  the 
cloudy  stratum,  h,  which  had  not  previously  been  noticed  ;  and  of 


the  dark  nucltue,  c.     The  cloudy  stratum  6,  seems  to  be  much 
below  the  penumbra,  and  does  not  appear  as  self-luminous,  but 
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rather  to  absorb  light.  It  is  sometimes  mottled  with  patches 
more  luminous  than  the  rest  of  it,  but  not  so  luminous  as  the 
penumbra  a.  The  black  nucleus  is  supposed  to  be  the  body  of 
the  sun  itself.  The  two  figures  show  a  remarkable  instance  of  an 
actual  rotatory  motion  of  the  cloudy  stratum  around  the  nucleus 
from  Jan.  17  to  Jan.  23. 

Mr.  Nasmyth  has  lately  made  the  discovery  that  the  entire 
surface  of  the  sun  is  composed  of  objects  of  the  shape  of  a  willow 
leaf.  These  objects  average  about  1000  miles  in  length,  and  100 
in  breadth,  and  cross  each  other  in  all  directions,  forming  a  net- 
work. The  thickness  of  these  interlaced  leaf-shaped  parts  does 
not  appear  to  be  very  great,  as  the  dark  or  penumbral  stratum  is 
seen  through  the  interstices,  and  it  is  this  which  gives  the  sun 
that  peculiar  mottled  appearance  already  alluded  to. 

The  quantity  of  spots  on  the  sun  varies  year  by  year ;  for  five 
years  they  increase  in  number  to  a^  maximum ;  and  in  five  follow- 
ing years  decrease  to  a  minimum. 


CONVERSATION  XXVII. 

Of  the  Fixed  Stars, 

T,  We  will  now  conclude  our  Astronomical  Conversations,  by 
referring  again  to  the  fixed  stars,  which,  like  our  sun,  shine  by 
their  own  light. 

C,  Is  it  then  certain  that  the  fixed  stars  are  of  themselves 
luminous  bodies,  and  that  the  planets  borrow,  their  light  from  the 
sun  ? 

T,  By  the  help  of  telescopes  it  is  known  that  Mercury,  Venus, 
and  Mars  shine  by  a  borrowed  light ;  for,  like  the  moon,  they  are 
observed  to  have  different  phases,  according  as  they  are  differently 
situated  with  regard  to  the  sun.  The  immense  distances  of 
Jupiter,  Saturn,  and  Herschel  do  not  allow  the  difference  between 
the  perfect  and  imperfect  illumination  of  their  discs  or  phases  to 
be  perceptible. 

Now  the  distance  of  the  fixed  stars  from  the  earth  is  so  great 
that  reflected  light  would  be  much  too  weak  ever  to  reach  the  eye 
of  an  observer  here. 

J,  Is  this  distance  ascertained  with  any  degree  of  precision  9 

T.  It  is  not ;  but  it  is  known  with  certainty  to  be  so  great,  that 
the  whole  diameter  of  the  earth's  orbit — viz.  190  millions  of  miles, 
is  but  a  point  in  comparison  of  it ;  and  hence  it  is  inferred  that 
the  distance  of  the  nearest  fixed  star  cannot  be  less  than  a  hun- 
dred thousand  times  the  length  of  the  earth's  orbit ;  that  is  a  huu- 
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dred  thousand  times  190  millions  of  miles,  or  19,000,000,000,000 
miles :  this  distance  being  immensely  great,  the  best  method  of 
forming  some  clear  conception  of  it  is  to  compare  it  with  the 
velocity  of  some  moving  body,  by  which  it  may  be  measured. 
The  swiftest  motion  with  which  we  are  acquainted  is  that  of  light ; 
which,  as  we  have  seen,  is  at  the  rate  of  12  millions  of  miles  in  a 
minute ;  and  yet  light  would  be  about  three  years  in  passing  from 
the  nearest  fixed  star  to  the  earth. 

A  cannon-ball,  which  may  be  made  to  move  at  the  rate  of  20 
miles  in  a  minute,  would  be  1800  thousand  years  in  traversing 
the  distance.  Sound,  the  velocity  of  which  is  13  miles  in  a 
minute,  would  be  more  than  2700  thousand  years  in  passing  from 
the  star  to  the  earth.  So  that,  if  it  were  possible  for  the  inhabitants 
of  the  earth  to  see  the  light,  to  hear  the  sound,  and  to  receive  the 
ball  of  ^  cannon  discharged  at  the  nearest  fixed  star,  they  would 
not  perceive  the  light  of  its  explosion  for  three  years  after  it  had 
been  fired ;  nor  receive  the  ball  till  1800  thousand  years  had 
elapsed ;  nor  hear  the  report  for  2700  thousand  years  after  the 
explosion. 

C.  Are  the  fixed  stars  at  different  distances  fi-om  the  earth  ? 

T,  Their  magnitudes,  as  you  know,  appears  to  be  different  from 
one  another,  which  difference  may  arise  either  from  a  diversity 
in  their  real  magnitude,  or  in  their  distances,  or  from  both  these 
causes  acting  conjointly.  It  is  the  opinion  of  Dr.  Herschel,  that 
the  various  apparent  magnitudes  of  the  stars  arise  from  the  dif- 
ferent distances  at  which  they  are  situated  ;  and  therefore  he  con- 
cludes, that  stars  of  the  seventh  magnitude  are  seven  times  more 
distant  from  us  than  those  of  the  first  magnitude. 

By  the  assistance  of  his  telescopes  he  was  able  to  discover  stars 
at  497  times  the  distance  of  Sirius  the  Dog-Star :  from  which  he 
inferred,  that  with  more  powerfiil  instruments  we  should  be  able 
to  discover  stars  at  still  greater  distances. 

J.  I  recollect  you  told  us  once,  that  it  had  been  supposed  by 
some  astronomers  that  there  might  be  fixed  stars  at  so  great  a 
distance  from  us  that  the  rays  of  their  light  had  not  yet  reached 
the  earth,  though  they  had  been  travelling  at  the  rate  of  12 
millions  of  miles  in  a  minute,  from  the  first  creation  up  to  the 
present  time. 

T.  1  did ;  it  was  one  of  the  sublime  speculations  of  the  cele- 
brated Huygens.  Dr.  Halley  has  also  advanced  what,  he  says, 
seems  to  be  a  metaphysical  paradox, — viz.  that  the  number  of 
fixed  stars  must  be  more  than  finite,  and  some  of  them  at  a 
greater  than  a  finite  distance  from  others :  and  Mr.  Addison  has 
observed,  that  this  thought  is  far  from  being  extravagant,  when 
we  consider,  that  the  universe  is  the  work  of  infinite  power,  pro- 
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moted  by  infinite  goodness,  and  having  an  infinite  space  to  exert 
itself  in :  so  that  our  imagination  can  set  no  bounds  to  it. 

C.  What  can  be  the  use  of  these  fixed  stars  ? — not  to  enlighten 
the  earth :  for  a  single  additional  moon  would  give  us  much  more 
light  than  them  all,  especially  if  it  were  so  contrived  as  to  afford 
us  its  assistance  at  those  intervals  when  our  present  moon  is  below 
the  horizon. 

!r.  You  are  right ;  they  could  not  have  been  created  for  our 
use ;  since  thousands,  and  even  millions,  are  never  seen  but  by 
the  assistance  of  glasses,  to  which  but  few  of  our  race  have  access. 
The  earth  on  which  we  live  is  but  one  of  many  primary  planets 
circulating  perpetually  round  the  sun  as  a  centre,  and  with  these 
are  connected  secondary  planets  or  moons,  all  of  which  are  pro- 
bably teeming  with  living  beings,  capable,  though  in  different 
ways,  of  enjoying  the  bounties  of  the  great  First  Cause. 

The  fixed  stars  then  are  probably  suns,  which,  like  our  sun, 
serve  to  enlighten,  warm,  and  sustain  other  systems  of  planets  and 
their  dependent  satellites :  and  each,  like  our  sun,  may  be  the 
residence  of  animals  rational  and  irrational. 

J,  Would  our  sun  appear  as  a  fixed  star  at  any  great  distance  ? 

T.  It  certainly  would :  and  Dr.  Herschel  thinks  there  is  no 
doubt,  but  that  it  is  one  of  the  heavenly  bodies  belonging  to  that 
tract  of  the  heavens  known  by  the  name  of  the  Milky  Way, 

C,  I  know  the  milky  way  in  the  heavens,  but  I  little  thought 
that  I  had  any  concern  with  it  otherwise  than  as  an  observer. 

T,  The  milky  way  consists  of  fixed  stars,  too  small  to  be  dis- 
cerned with  the  naked  eye ;  and,  if  our  sun  be  one  of  them,  the 
earth  and  other  planets  arc  closely  connected  with  this  part  of  the 
heavens. 
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CONVERSATION  I. 

ETTEODUCnQN, 

Father — Charles — Emma. 

F,  We  shall  now  proceed  with  the  branch  of  science  called 
Hydrostatics, 

E.  That  is  a  difl&cult  word :  what  are  we  to  understand  by  it  ? 

F,  Almost  all  the  technical  terms  made  use  of  in  science  are 
either  Greek  or  derived  from  the  Greek  language.  The  word 
hydrostatics  is  formed  of  two  Greek  words  which  signify  water, 
and  the  science  which  considers  the  weight  of  bodies.  But  hy- 
drostatics, as  a  branch  of  natural  philosophy,  treats  of  the  nature, 
gravity,  pressure,  and  motion  of  fluids  in  general ;  and  of  the 
methods  of  weighing  solids  in  them.  I  ought  to  tell  you  that 
many  writers  divide  this  subject  into  two  distinct  parts, — viz.  hy- 
drostatics and  hydraulics;  the  latter  relates  particularly  to  the 
motion  of  water  through  pipes,  conduits,  &c. 

In  these  Conversations  I  shall  pay  no  regard  to  this  distinction, 
but  shall,  under  the  general  title  of  hydrostatics,  describe  the 
properties  of  all  fluids,  but  principally  those  of  water ;  explain- 
ing, as  we  go  on,  the  motion  oi  it,  whether  in  pipes,  pumps, 
syphons,  engines  of  different  kinds,  fountains,  &c.  jDo  you  know 
what  a  fluid  is  ? 

C.  I  know  how  to  distinguish  a  fluid  from  a  solid  :  water  and 
wine  are  fluids,  but  why  so  called  I  cannot  tell. 

F,  A  fluid  is  generally  defined  to  be  a  body,  whose  parts 
readily  yield  to  any  impression,  and  in  yielding  are  easily  moved 
among  each  other. 

E.  But  this  definition  does  not  notice  the  wetting  of  other 
bodies  brought  into  contact  with  a  fluid.  If  I  put  my  fingers  into 
water  or  milk,  a  part  of  it  adheres  to  them,  and  they  are  said  to 
be  wet. 

F,  Every  accurate  definition  must  mark  the  qualities  of  all  the 
individual  things  defined  by  it :  now  there  are  many  fluids  which 
have  not  the  property  of  wetting  the  hand  when  plunged  into 
them.    The  air  we  breathe  is  a  fluid,  the  parts  of  which  yield  to 
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tlie  least  pressure,  and  it  adheres  to  certain  bodies  surrounded  by 

H.  Air  is  different  from  water,  although  they  will  still  admit  of 
comparison. 

C.  I  have  sometimes  dipped  my  finger  into  a  cup  of  quick- 
silver, but  none  of  the  fluid  came  away  with  it. 

F.  You  are  richt ;  and  hence  you  will  find  that  some  writers  on 
natural  philosophy  attempt  to  distinguish  between  fluids  and 
liquids.  Air,  quicksilver,  and  melted  metals,  they  say,  are  fluids, 
but  not  liquids ;  while  water,  milk,  beer,  wine,  oil,  spirits,  &c,  are 
fluids  and  liquids. 

C.  Are  we  then  to  understand,  that  liquids  are  known  by  the 
property  of  adhering  to  different  substances  which  are  immersed 

F.  This  description  will  not  always  hold  ;  for  though  mercury 
will  not  stick  to  your  band,  if  plunged  into  a  cup  of  it,  yet  it 
will  adhere  to  many  metals,  as  tin,  gold,  &c.  The  distinction 
between  liquids  and  fluids  is  introduced  in!o  books  more  on 
account  of  common  convenience,  than  philosophical  accuracy ;  the 
liquid  is  distinguished  by  the  cohesion  of  its  particle  with  each 

£,  You  said,  I  believe,  that  a  fluid  is  defined  as  a  body  whose 
parts  yield  to  the  smallest  force  applied  ? 

F.  This  is  the  definition  of  a  perfect  fluid :  and  the  less  force 
that  is  required  to  move  the  partj  of  a  fluid,  the  more  perfect  is 
that  fluid. 

C.  But  how  do  people  reason  respecting  the  particles  of  which 
fluids  are  composed  j  have  they  ever  seen  them  ? 

F.  Philosophers  imagine  they  must  be  eieeedingly  small, 
because,  with  their  best  glasses,  they  have  never  been  able  to 
discern  them.  And  they  contend,  that  these  particles  must  be 
round  and  smooth,  since  they  are  so  easily  moved  among  and  over 
one  another.  If  they  are  round,  you  know,  there  must  be  vacant 
spaces  left  l>etween  tnem. 

E.  Howislhb? 

F.  Suppose  a  number  of  cannon-balla  were  placed  in 
a  large  tub,  or  any  other  vessel,  so  as  to  fill  it  up  even 
with  the  edge;  though  the  vessel  would  contain  no 
more  larger  balls,  it  would  hold,  in  the  vacant  spaces, 
manv  smaller  shot;  and  between  these,  others  still 
smaUer  might  be  introduced;  and  when  the  vessel 
would  contain  no  more  shot,  a  quantity  of  sand  might 

be  shaken  in,  and  between  the  pores  of  these,  water  ^ 

orwtherfluids  would  readily  insinuate  themselves.  * 

B«e  pages. 
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Another  fact  respecting  the  particles  of  fluids  deserving  your 
notice  is,  that  they  are  exceedingly  hard,  and  almost  incapable  of 
compression. 

C.  What  do  you  mean,  sir,  by  compression  ? 

F,  I  mean  the  act  of  squeezing  anything,  in  order  to  bring 
its  parts  nearer  together.  Almost  all  substances  with  which  we 
are  acquainted  may,  by  means  of  pressure,  be  reduced  into  a  less 
space  than  they  naturally  occupy.  But  water,  oil,  spirits,  quick- 
silver, &c.  cannot  by  any  pressure  of  which  human  art  or  power 
is  capable,  be  reduced  into  a  space  sensibly  less  than  they  natu- 
rally possess. 

E.  Has  the  trial  ever  been  made  ? 

F,  Yes,  by  some  of  the  ablest  philosophers  that  ever  lived. 
And  it  has  been  found,  that  water  will  find  its  way  through  the 
pores  of  gold  even,  rather  than  suffer  itself  to  be  compressed  into 
a  smaller  space. 

(7.  How  was  the  experiment  made  ? 

F.  At  Florence,  a  celebrated  city  in  Italy,  a  globe  made  of 
gold  was  filled  with  water,  and  closed  so  accurately  that  none  of 
it  could  escape.  The  globe  was  then  put  into  a  press,  and  a  little 
flattened  at  the  sides ;  the  consequence  of  which  was,  that  the 
water  came  through  the  fine  pores  of  the  golden  globe,  and  stood 
upon  its  surface  like  drops  of  dew. 

(7.  Would  not  the  globe  contain  as  much  after  its  sides  were 
bent  in  as  it  did  before  ? 

F,  It  would  not ;  and  as  the  water  forced  its  way  through  the 
gold  rather  than  suff*er  itself  to  be  brought  into  a  smaller  space 
than  it  naturally  occupied,  it  was  concluded,  at  that  time,  that 
water  was  incompressible.  Later  experiments  have,  however, 
shown  that  those  fluids  which  were  esteemed  incompressible  are 
so,  in  a  very  small  degree,  viz.,  one  part  in  twenty  tnousand. 

E.  Is  it  on  this  account  you  conclude  that  the  particles  are 
very  hard  ? 

F.  Undoubtedly :  for  if  they  were  not  so,  you  can  easily  con- 
ceive that  since  there  are  vacuities  between  them,  as  we  have 
represented  in  the  preceding  figure,  they  must,  by  very  great 
pressure,  be  brought  closer  together,  and  would  evidently  oc- 
cupy a  less  space,  which  is  contrary  to  fact.  Fluids,  like 
solids,  are  clastic ;  a  drop  of  mercury  falling  from  a  height 
rebounds. 

Note, — Water,  oil,  spirits,  &c.  are  said  to  be  incompressible, 
not  because  they  are  absolutely  so,  but  because  their  compres- 
sibility is  so  very  small,  as  to  make  no  sensible  difference  in  calcu- 
lations relative  to  the  several  properties  of  those  fluids. 

Mr.  Canton  discovered  the  compressibility  of  water  in  the  year 
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1761,  and  he  says,  that  from  repeated  trials  he  found  that  water 
will  expand,  and  rise  in  a  tube,  by  removing  the  weight  of  the 
atmospliere,  about  one  part  in  21*740,  and  will  be  as  much  com- 
pressed under  the  weignt  of  an  additional  atmosphere. 

Mr.  Perkins  found  that  a  pressure  of  1120  atmospheres  pro- 
duced a  diminution  of  -^  in  the  bulk  of  water.  And  Professor 
Oersted  found  each  additional  atmospheric  pressure  compressed 
water  ^  millionths  of  its  bulk. 

A  fluid  that  has  no  immediate  tendency  to  expand  when  at 
liberty  is  commonly  considered  as  a  liquid,  as  water,  oil,  &c.  See 
Young's  Lectures,  vol.  i.  p.  259. 


CONVERSATION  II. 

Of  the  Weight  and  Pressure  of  Fluids, 

F.  The  parts  or  particles  of  fluids  act,  with  respect  to  their 
weight  or  pressure,  independently  of  each  other. 

F,  Will  you  explain  what  you  mean  by  this  ? 

F,  You  recollect  that,  by  the  attraction  of  cohesion,*  the  parts 
of  all  solid  substances  are  kept  together,  and  press  into  one  com- 
mon mass.  If  I  cut  a  part  of  this  wooden  rider  away,  the  rest 
will  remain  in  precisely  the  same  situation  as  it  was  before.  But 
if  I  take  some  water  out  of  the  middle  of  a  vessel,  the  remainder 
flows  instantly  into  the  place  from  whence  that  was  taken,  so  as 
to  bring  the  whole  mass  to  a  level. 

C,  Have  the  particles  of  water  no  attraction  for  each  other  ? 

F,  Yes ;  in  a  slight  degree.  The  globules  of  dewf  on 
cabbage-plants  prove,  that  the  particles  of  water  have  greater 
attraction  for  one  another  than  they  have  for  tlae  leaf  on  which 
they  stand.  Nevertheless,  this  attraction  is  very  small,  and  you 
can  easily  conceive,  that  if  the  particles  are  round  they  will  touch 
each  other  in  very  few  parts,  and  slide  with  tlie  smallest  pressure. 
Imagine  that  a  few  of  the  little  globules  were  taken  out  of  the 
vessel  exhibited  at  p.  147,  and  it  is  evident  that  the  surrounding 
ones  would  fall  hito  their  places.  It  is  upon  this  principle  that 
the  surface  of  every  fluid,  when  at  rest,  is  horizontal  or  level. 

O.  Is  it  upon  this  principle  that  water-levels  are  constructed  ? 

F.  It  is  ;  the  most  simple  kind  of  water-level  is  a  long  wooden 
trough  filled  to  a  certain  height  with  water  ;  the  surface  of  which 
shows  the  level  of  the  place  upon  which  it  stands. 

C.  I  did  not  allude  to  this  kind  of  level,  but  to  those  smaller 
ones  contained  in  glass  tubes. 

*  See  Mechanics,  Conversation  IIL  f  See  Mechanics,  (Tonven&tLcial^. 
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F.  These  are,  more  properly  speaking,  air-levels.     They  are 

thus  constructed :  d  is  a  glass  cylin- 
drical tube  fixed  into  l,  a  socket  made 
generally  of  brass.  The  glass  is 
nearly  filled  with  water,  or  some 
j,j    2  other  fluid,  in  which  is  enclosed  a 

single  bubble  of  air.  When  this 
bubble  fixes  itself  at  the  mark  a,  made  exactly  in  the  middle  of 
the  tube,  the  place  on  which  the  instrument  stands  is  perfectly 
level.  When  it  is  not  level,  the  bubble  will  rise  to  the  higher 
end. 

E,  What  is  the  use  of  these  levels  ? 

F,  They  are  fixed  to  a  variety  of  philosophical  instruments, 
such  as  quadrants,  and  telescopes  for  surveying  the  heavens ;  and 
theodolites  for  taking  the  level  of  any  part  of  the  earth,  or  for 
measuring  horizontal  angles.  They  are  also  useful  in  the  more 
common  occurrences  of  life.  A  single  instance  will  show  their 
value :  clocks  will  not  keep  true  time  unless  they  stand  upright ; 
now,  by  means  of  one  of  those  levels,  you  may  easily  ascertain 
whether  the  bracket  upon  which  the  clock  in  the  passage  stands  is 
level. 

E.  But  I  remember  when  Mr.  F brought  home  your  clock, 

he  tried  if  the  bracket  was  even  by  means  of  Charles's  marbles. 
How  did  he  know  by  this  ? 

F.  The  marble  being  round,  touched  the  board  at  a  point  only, 
consequently  the  line  of  direction  *  could  not  fall  through  that 
point,  unless  the  bracket  was  very  level ;  therefore,  when  the 
marble  was  placed  in  two  or  more  different  parts  of  the  board,  and 
did  not  move  to  one  side  or  the  other,  he  might  safely  conclude 
that  it  was  a  level. 

C,  Then  the  water-level  and  the  rolling  of  the  marble  depend 
on  the  same  principle  ? 

F,  They  do,  upon  the  supposition  that  the  particles  of  water 
are  round.  The  water-level  will,  however,  be  the  most  accurate, 
because  we  may  imagine  that  the  parts  of  which  water  is  com- 
posed are  perfectly  round,  and  therefore,  as  may  be  geometric- 
ally proved,  they  will  touch  only  at  an  infinitely  small  point ; 
whereas  marbles,  made  by  human  contrivance,  touch  at  many 
such  points. 

We  now  come  to  another  very  curious  principle  in  this  branch 
of  science, — viz.  that  fluids  press,  equally  in  all  directions.  All 
bodies,  both  fluid  and  solid,  press  downwards  by  the  force  of 
gravitation,  but  fluids  of  all  kinds  exert  a  pressure  upwards  and 
sideways  equal  to  their  pressure  downwards. 

^  *  See  Mechanics,  Conversation  IX. 
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E,  Can  you  show  any  experiments  in  proof  of  this  ? 

F.  A  B  c  is  a  bent  glass  tube :  with  a  small 
glass  funnel,  pour  into  the  mouth  a 
a  quantity  of  sand.  You  will  find 
that,  when  the  bottom  part  is  filled, 
whatever  is  poured  in  afterwards  will 
stand  in  the  side  of  the  tube  a  b,  and 

not  rise  in  the  other  side  b  c. 

C,  The  reason  of  this  is,  that  the  sand  exerts 
a  lateral  pressure  at  an  angle  of  30°  or  40°,  and 
when  once  the  bottom  of  any  vessel  is  covered 
with  a  pyramid  of  it,  you  may  go  on  piling  any  ^^^'  ^' 

quantity  of  sand  above  without  fear  of  breaking  out  the  support 
or  bottom  of  the  vessel,  even  if  composed  of  thin  tissue-paper. 
The  pressure  of  sand  is  perfectly  different  from  that  of  water. 

F,  Well,  we  will  pour  away  the  sand,  and  put  water  in  its 
place :  what  do  you  say  to  this  ? 

E»  The  water  is  level  in  both  sides  of  the  tube. 

F.  This  proves,  that  with  respect  to  fluids,  there  is  a  pressure 
upwards  at  the  point  b  as  well  as  downwards.  I  will  show  you 
another  experiment. 

A  B  is  a  large  jar  having  a  flat  bottom :  a  &  is 
a  tube  open  at  both  ends.  While  I  fill  the  jar 
with  water,  I  take  care  to  hold  the  small  tube  so 
dose  to  the  bottom  of  the  jar  as  to  prevent  any 
water  from  getting  into  the  tube.  I  then  raise  it  a 
little,  and  you  see  it  is  instantly  filled  with  water 
from  the  jar. 

(7.  It  is ;  and  the  water  is  level  in  the  jar  and  the 
tube. 

F,  The  tube  you  saw  was  filled  by  means  of 
the  pressure  upwards,  contrary  to  its  natural 
gravity. 

Take  out  the  tube;  now,  the  water  having  es- 
caped, it  is  filled  with  air.    Stop  the  upper  end  a       Fig.  4. 
with  a  cork,  and  plunge  it  mto  the  jar,  the  water  will  rise  as  high 
as  h, 

E.  What  is  the  reason  of  this,  papa  ? 

F,  The  air,  with  which  the  tube  was  filled,  is  a  material  body, 
and  occupies  space ;  so  that  unless  the  water  were  first  to  force  it 
out  from  the  tube,  it  cannot  take  its  place. 

C.  If  air  be  a  substance,  and  the  tube  is  filled  with  it,  how  can 
any  water  at  all  make  its  way  into  the  tube  ? 

F,  This  is  a  very  proper  question.  Air,  though  a  substance, 
(Uffers  from  water  in  being  easily  compressible ;  that  is^  Ih.^  «Kt> 
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which,  by  the  natural  pressure  of  the  surrounding  atmosphere, 
fills  the  tube,  may,  by  the  additional  upward  pressure  of  the 
water,  be  reduced  into  a  smaller  space,  as  a  b.  Another  experi- 
ment will  illustrate  the  difference  between  compressible  and  in- 
compressible fluids. 

Fill  the  tube,  which  has  still  a  cork  in  one  end,  with  some 
coloured  liquor,  as  spirits  of  wine ;  over  the  other  end  place  a 

{)iece  of  pasteboard,  held  close  to  the  tube  to  prevent  any  of  the 
iquor  from  escaping.  In  this  way  introduce  the  tube  into  a 
vessel  of  water,  keeping  it  perpendicular  all  the  time.  You 
may  now  take  away  the  pasteboard,  and  force  the  tube  to  any 
depth  ;  but  the  spirit  is  not  like  the  air ;  it  cannot  in  this 
manner  be  reduced  into  a  space  smaller  than  it  originally  occupied. 

K  Why  did  not  the  spirits  of  wine  run  out  of  the  tube  into  the 
water  ? 

F,  Because  spirits  are  lighter  than  water ;  and  it  is  a  general 
principle  that  the  lighter  fluid  always  ascends  to  the  top. 

Take  a  thin  piece  of  horn  or  pasteboard,  and  while  you  hold  it 
by  the  edges,  let  your  brother  put  a  pound  weight  upon  it ;  what 
b  the  result  ? 

E.  It  is  almost  bent  out  of  my  hand. 

F,  Introduce  it  now  into  a  vessel  of  water  at  the  depth  of 
twelve  or  fifteen  inches,  and  bring  it  parallel  to  the  surface.  In 
this  position  it  sustains  many  pounds  weight  of  water. 

C,  Nevertheless,  it  is  not  bent  in  the  least. 

F,  Because  the  upward  pressure  against  the  lower  surface  of 
the  horn  is  exactly  equal  to  the  pressure  downwards,  or  what  is 
the  same  thing,  it  is  equal  to  the  weight  of  the  water  which  it 
sustains  on  the  upper  surface. 

F,  Is  this  the  case,  be  the  depth  what  it  may  ? 

F,  It  is ;  because,  at  all  depths,  the  pressures  upwards  and 
downwards  are  always  equal:  in  other  words,  "fluids  press 
equally  in  all  directions." 

You  may  vary  these  experiments  by  yourselves  till  we  meet 
again,  when  we  will  resume  the  subject. 

C.  Do  I  understand  that,  if  I  apply  a  pressure  of  one  poun^  to 
a  liquid  that  is  confined  in  a  vessel,  I  distribute  a  pressure  of  a 
pound  throughout  the  surface  of  the  vessel  ? 

F,  You  do  more  than  this ;  and  hence  arise  some  important* 
consequences :  if  your  power  of  one  pound  is  applied  by  pressing 
down  a  piston  that  has,  say,  a  square  inch  of  surface,  you  dis- 
tribute a  pressure  of  one  pound  to  every  square  inch  of  surface  on 
the  containing  vessel ;  and  if  it  presented  a  square  foot  or  144 
square  inches '  of  surface,  your  one  pound  would  have  been 
increased  to  144  pounds  in  all. 
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CONVERSATION  IH. 

Of  the  Weight  and  Pressure  of  Fluids, 

C,  When  you  were  explaining  the  principle  of  the  Wheel  and 
Axle,*  I  asked  the  reason  why,  as  the  bucket  ascended  near  the 
top  of  the  well,  the  difficulty  in  raising  it  increased?  I  have 
just  now  found  another  part  of  the  subject  beyond  my  compre- 
hension. After  the  bucket  is  filled  with  water,  it  sinks  to  the 
bottom  of  the  well,  or  as  far  as  the  rope  will  suffer  it :  but  in 
drawing  it  up  through  the  water,  it  seems  to  have  little  or  no 
weight  till  it  has  ascended  to  the  surface  of  the  water.  How  is 
this  accounted  for  ? 

JF*,  I  do  not  wonder  that  you  have  noticed  this  circumstance 
as  singular.  It  was  long  believed  by  the  ancients  that  water  did 
not  gravitate,  or  had  no  weight,  in  water;  or  as  they  used  to 
express  it  more  generally,  that  fluids  do  not  gravitate  in  propria 
loco, 

E,  I  do  not  understand  the  meaning  of  these  hard  words. 

F,  I  will  explain  their  meaning  without  translating  them  ; 
becaiuse  a  mere  translation  would  give  you  a  very  inadequate  idea 
of  what  the  writers  intended  to  express  by  them. 

No  one  ever  doubted  that  water  and  other  fluids  had  weight, 
when  considered  by  themselves ;  but  it  was  supposed  that  they 
had  no  weight  when  immersed  in  a  fluid  of  the  same  kind.  The 
fact  which  your  brother  has  just  mentioned  respecting  the  bucket 
was  the  grand  argument  upon  which  they  advanced  and  main- 
tained this  doctrine. 

E.  Does  it  not  weigh  anything,  then,  till  it  is  drawn  above  the 
surface? 

F.  You  must,  my  little  girl,  have  patience,  and  you  shall  see 
how  it  is.  Here  is  a  gloss  bottle  a,  with  a  stopcock  b,  cemented 
to  it,  by  means  of  which  the  air  may 
be  exhausted  from  the  bottle,  and 
prevented  from  returning  into  it 
again.  The  whole  is  made  sufficiently 
hipavy  to  sink  in  the  vessel  of  water  c  d. 

The  bottle  must  be  weighed  in  air, 
that  is,  in  the  common  method ;  and 
suppose  it  weighs  12  ounces,  let  it 
now  be  put  into  the  situation  which  is 
represented  by  the  figure,  when  the 
weight  of  the  bottle  must  be  again  Fig.  6. 

taken    by   putting  weights   into  the 

*  See  Mechanioe,  Conversation  XVII* 
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scale  z.  I  then  open  the  stopcock,  while  it  is  under  the  water, 
and  the  water  immediately  rushes  in  and  fills  the  bottle,  which 
overpowers  the  weights  in  the  scale.  I  now  put  other  weights, 
say  8  ounces,  into  Ae  scale,  to  restore  the  equilibrium  between 
the  bottle  and  scale.  It  is  evident,  then,  that  8  ounces  is  the 
weight  of  the  water  in  the  bottle,  while  weighed  under  water. 
Fasten  the  cock,  and  weigh  the  bottle  in  the  usual  way  in  the 
air.  > 

C.  It  weighs  something  more  than  20  ounces. 

F,  That  is  12  ounces  for  the  bottle  and  8  ounces  for  the  water, 
besides  a  small  allowance  to  be  made  for  the  drops  of  water  that 
adhere  to  the  outside  of  the  bottle.  Does  not  thb  experiment 
prove  that  the  water  in  the  bottle  weighed  just  as  much  in  the 
jar  of  water  as  it  weighed  in  the  air  ? 

U»  I  think  it  does. 

F,  Then  we  are  justified  in  concluding,  that  the  water  in  the 
bucket,  which  the  bottle  may  represent,  weighed  as  much  while 
under  water  in  the  well,  as  it  did  after  it  was  raised  above  the 
surface. 

C,  This  fact  seems  decisive,  but  the  diflBculty  still  remains  in 
my  mind  ;  for  the  weight  of  the  bucket  is  not  felt  till  it  is  rising 
above  the  surface  of  the  water. 

F,  It  may  be  thus  accounted  for :  any  substance  of  the  same 
specific  gravity  with  water  may  be  plunged  into  it,  and  it  will 
remain  wherever  it  is  placed,  either  near  the  bottom,  in  the 
middle,  or  towards  the  top,  consequently  it  may  be  moved  in  any 
direction  with  the  application  of  a  very  small  force. 

JS.  What  do  you  mean  by  the  specific  gravity  of  a  body  ? 

F.  The  specific  gravity  of  any  body  is  its  weight  compared 
with  that  of  any  other  body.*  Hence  it  is  also  called  the  com- 
parative gravity :  thus  if  a  cubic  inch  of  water  be  equal  in  weight 
to  a  cubic  inch  of  any  particular  kind  of  wood,  the  specific  or 
comparative  gravities  of  the  water  and  that  particular  wood  are 
eaual.  But  since  a  cubic  inch  of  deal  is  lighter  than  a  cubic  inch 
of  water,  and  water  is  lighter  than  the  same  bulk  of  lead  or  brass, 
we  say  the  specific  gravity  of  lead,  or  brass,  is  greater  than  that 
of  water,  and  the  specific  gravity  of  water  is  greater  than  that  of 
deal. 

C,  The  water  in  the  bucket  must  be  of  the  same  specific 
gravity  with  that  in  the  well,  because  it  is  a  part  of  it. 

F.  And  the  wooden  bucket  differs  very  little  in  this  respect 
from  the  water ;  because  though  the  wood  is  lighter,  yet  the  iron 
of  which  the  hoops  and  handle  are  composed  is  specifically 
heavier  than  water ;  so  that  the  bucket  and  water  are,  nearly  of 

*  See  CkmyersatLon  X,  &c. 
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the  same  specific  gravity  with  the  water  in  the  well ;  and,  there- 
fore, it  is  moved  very  easily  through  it. 

Again,  we  have  already  proved  that  the  upward  pressure  of 
fluids  is  equal  to  the  pressure  downwards ;  therefore  the  pressure 
at  the  bottom  of  the  bucket  upwards  being  precisely  equal  to  the 
same  force  in  a  contrary  direction,  the  application  of  a  very  small 
force,  in  addition  to  the  upward  pressure,  will  cause  the  bucket  to 
ascend. 

E,  Do  you  account  for  the  easy  ascent  of  the  bucket  upon 
the  same  principle  by  which  you  have  shown  that  horn  or  paste- 
board will  not  be  bent,  when  placed  horizontally  at  any  depth  of 
water  ? 

F,  Yes,  I  do ;  and  I  will  show  you  some  other  experiments  to 
prove  the  effect  of  the  upward  pressure. 

Take  a  glass  tube,  open  at  both  ends,  the  diameter  of  which  is 
about  the  eighth  of  an  inch — thrust  it  into  a  vessel  of  water,  and 
close  the  top  with  your  thumb ;  you  may  now  take  it  out  of 
the  water,  but  it  will  not  empty  itself,  so  long  as  the  top  is  kept 
closed. 

C,  This  is  not  the  upward  pressure  of  water,  because  the  tube 
was  taken  out  of  it. 

F.  You  are  right :  it  is  the  upward  pressure  of  the  air,  which, 
while  the  thumb  is  kept  on  the  top,  is  not  counterbalanced  by  any 
downward  pressure;  therefore  it  keeps  the  water  suspended  in 
the  tube. 

Take  this  ale-glass,  fill  it  with  water,  and  cover  it  with  a  piece 
of  writing-paper ;  then  place  your  hand  evenly  over  the  paper,  so 
as  to  hold  it  very  tight  about  the  edge  of  the  glass ;  you  may  then 
invert  the  glass,  and  take  away  your  hand  without  any  danger  of 
the  water's  falling  out. 

E.  Is  the  water  sustained  by  the  upward  pressure  of  the  air? 

F»  The  upward  pressure  of  the  air  against  the  paper  sustains 
the  weight  of  water,  and  prevents  its  falling. 

You  have  seen  the  instrument  used  for  testing  beer  or  wine  ? 

E,  Yes ;  it  is  a  tin  tube,  that  holds  about  half  a  pint,  into 
which  very  small  tubes  are  inserted  at  top  and  bottom. 

F,  The  longer  one  is  put  into  the  hole  made  for  the  vent-peg, 
and  then,  by  drawing  out  the  air  from  it,  beer  or  wine  is  forced 
into  the  large  part  of  the  tube ;  then  by  putting  the  thumb  or 
finger  on  the  upper  part,  the  whole  instrument  may  be  taken 
out  of  the  cask,  and  removed  anywhere,  for  the  pressure  of  the 
air  against  the  bottom  surface  of  the  lower  tube  keeps  the  liquor 
from  running  out;  but  the  moment  the  thumb  is  teken  from 
the  top,  the  liquor  descends  by  the  downward  pressure  of  the 
air. 
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C,  Is  it  for  a  similar  reason  that  vent-holes  are  made  in  casks  ? 

F.  It  is :  for  when  a  cask  is  full,  and  perfectly  close,  there  is 
no  downward  pressure,  and  therefore  the  air,  pressing  against 
the  mouth  of  the  cock,  keeps  the  liquor  from  running  out ;  a 
hole  made  at  the  top  of  the  cask  admits  the  external  pressure  of 
the  air,  by  which  the  liquor  is  forced  out.  In  large  casks  of  ale 
or  porter,  where  the  demand  is  not  very  great,  the  veAt-hole 
need  seldom  be  used,  for  a  certain  portion  of  the  air  contained 
in  the  liquor  escapes,  and,  being  lighter  than  the  beer,  ascends  to 
the  top,  by  which  a  pressure  is  created  without  the  assistance  of 
the  external  air. 

C.  Do  fluids  experience  friction  as  they  flow  ? 

F,  Yes  :  a  stream  is  always  less  rapid  at  the  sides  than  in  the 
middle  of  a  river,  because  it  experiences  friction  against  the  banks 
and  shallow  bottom.  If  a  flne  tube  is  fitted  to  a  conical  horizontal 
tube,  and  dipped  into  water  (the  letter  T  represents  the  arrange- 
ment), and  water  flows  along  the  horizontal  tube ;  its  friction 
against  the  air  at  the  orifice  of  the  smaller  tube  will  draw  the 
air  after  it :  the  water  will  then  rise  in  the  smaller  tube,  and 
eventually  flow  along  with  the  other  water.  The  same  happens  with 
a  vertical  arrangement. 


CONVERSATION  IV. 

Of  the  Lateral  Pressure  of  Fluids, 

F,  It  is  now  time  to  advance  another  step,  and  to  show  that  the 
lateral  or  side  pressure  is  equal  to  the  perpendicular  pressure. 

E,  If  the  upward  pressure  is  equal  to  the  downward,  and  the 
side  pressure  is  also  equal  to  it,  then  the  pressure  is  equal  in  all 
directions. 

F,  You  are  right.  Though  the  side  direction  may  be  varied 
in  many  ways,  yet  there  are  only  the  upward,  downward,  and 
lateral  directions.  The  two  former  we  have  shown  are  -equal. 
That  the  side  pressure  is  equal  to  the  perpendicular  pressure 
downwards  is  demonstrated  by  a  very  easy  experiment. 

A  B  is  a  vessel  filled  with  water,  having  two  small 
equal  orifices,  or  holes,  a  6,  bored  with  the  same 
tool,  one  at  the  side,  and  the  other  in  the  bottom ; 
if  these  holes  are  opened  at  the  same  instant,  and 
the  water  suftered  to  run  into  two  glasses,  they  will 
be  found  in  a  given  time  to  have  discharged  equal 
quantities  of  water  ;  which  is  a  clear  proof  that  the 
water  presses  sideways  as  forcibly  as  it  does  down- 
Fig.  6.        wards. 
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9] 
Fig.  7. 


C,  Are  we  then  to  take  it  as  a  general  principle,  that  fluids 
press  in  every  possible  direction  ? 

-F.  This,  1  think,  our  experiments  have  proved ;  but  you  must 
not  forget  that  it  is  only  true  upon  the  supposition  that  the  per- 
pendicular  heights  are  equal.  For  in  the  last  experiment,  if  the 
hole  h  had  been  bored  an  inch  or  two  higher  in  the  side  of  the 
vessel,  as  at  c,  the  quantity  of  water  running  out  at  a  would 
have  been  greater  than  that  at  h;  and  much  greater  would  it 
have  been  if  the  hole  had  been  bored  at  four  or  five  inches  above 
the  bottom  of  the  vessel. 

This  subject  of  pressure  may  be  farther  illustrated.  At 
the  bottom  of  this  tube  z  y,  open  at  both  ends,  I  have  tied 
a  piece  of  bladder,  and  have  poured  in  water  till  it  stands 
at  the  mark  x.  Owing  to  the  pressure  of  the  water,  the 
bladder  is  convex,  that  is,  bent  outwards  ;  dip  it  into  the 
jar  (fig.  4,  page  151),  the  bladder  is  still  convex :  thrust 
it  gently  dov^ii ;  the  surface  of  the  water  in  the  tube  is  now 
even  with  that  in  the  jar. 

E.  It  is ;  and  the  bladder  at  the  bottom  has  become  flat. 

F,  The  perpendicular  depths  being  equal,  the  pressure  up- 
wards is  equal  to  that  exerted  downwards,  and  the  water  in  the 
tube  is  exactly  balanced  by  the  water  in  the  jar.  Let  the  tube  be 
thrust  deeper  into  the  water. 

(7.  Now  the  bladder  is  bent  upwards. 

F,  The  upward  pressure  is  estimated  by  the  perpendicular 
depth  of  the  water  in  the  jar,  measured  from  the  surface  to  the 
bottom  of  the  tube ;  but  the  pressure  downwards  must  be  esti- 
mated by  the  perpendicular  height  of  the  water  in  the  tube,  which 
being  less  than  the  former,  the  pressure  upwards  in  the  same  pro- 
portion overcomes  that  exerted  downwards,  and  forces  up  the 
bladder  into  the  position  as  you  see  it.  This  and  the  following  ex- 
periment are  some  of  the  best  that  can  be  exhibited  in  proof  of  the 
upward  pressure  of  fluids. 

Dip  the  open  end  of  a  tube,  having  a  very  narrow  bore,  into  a 
vessel  of  quicksilver ;  then  stopping  the  upper  orifice 
with  the  finffer,  lift  up  the  tube  out  of  the  vessel, 
and  you  will  see  a  little  column  of  quicksilver 
hanging  at  the  lower  end,  which  when  dipped  in 
water  lower  than  14  times  its  own  length,  will,  upon 
removing  the  finger,  be  pressed  upwards  into  the 
tube. 

E,  Why  do  you  fix  upon  14  times  the  depth  ? 

F,  Because  quicksilver  is  14  times  heavier  than 
water.  Upon  this  principle  of  the  upper  pressure, 
lead  or  any  other  metal  may  be  made  to  swim  in 
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water.  A  b  is  a  vessel  of  water,  and  a  &  is  a  glass  tube,  open 
throughout ;  c?  is  a  string,  by  which  a  flat  piece  of  lead  x  may 
be  held  fast  to  the  bottom  of  the  tube.  To  prevent  the  water 
from  getting  in  between  the  lead  and  the  glass,  a  piece  of  wet 
leather  is  first  put  over  the  lead. 

In  this  situation,  let  the  tube  be  immersed  in  the  vessel  of 
water,  and  if  it  be  plunged  to  the  depth  of  about  eleven  times  the 
thickness  of  the  lead  before  the  string  be  let  go,  the  lead  will  not 
fall  from  the  tube,  but  be  kept  adhering  to  it  by  the  upward 
pressure  below  it. 

U.  Is  lead  1 1  times  heavier  than  water  ? 

F.  It  is  between  11  and  12  times  heavier;  and,  therefore,  to 
make  the  experiment  sure,  the  tube  should  be  plunged  somewhat 
deeper  than  11  times  the  thickness  of  the  lead. 

C.  Is  it  not  owing  to  the  wet  leather  rather  than  to  the  upward 
pressure,  that  the  lead  sticks  to  the  tube  ? 

F,  If  that  be  the  ease,  it  will  remain  fixed  if  I  draw  up  the  tube 
an  inch  or  two  higher : — I  will  try  it. 

E.  It  has  fallen  off. 

F.  Because,  when  the  tube  was  raised,  the  upward  pressure  was 
diminished  so  much  as  to  become  too  small  to  balance  the  weight 
of  the  lead.  But  if  the  adhering  together  of  the  lead  and  tube 
had  been  caused  by  the  leather,  there  would  be  no  reason  why  it 
should  not  operate  the  same  at  six  or  nine  times  the  depth  of  the 
lead's  thickness,  as  well  as  at  11  or  12  times  that  thickness. 


CONVERSATION  V. 

Of  the  Hydrostatic  Paradox, 

E,  You  are  to  explain  a  paradox  to-day :  I  thought  natural 
philosophy  had  excluded  all  paradoxes. 

F.  Dr.  Johnson  has  given  this  definition  of  a  paradox,  **an 
assertion  contrary  to  appearances :"  now  the  assertion  which  I 
am  to  refer  you  to  is,  that  any  quantity  of  water,  however  smaUy 
may  he  made  to  balance  any  quantityy  however  large.  That  a 
pound  of  water,  for  instance,  should,  without  any  mechanical 
advantage,  be  made  to  support  ten  pounds,  or  a  hundred,  or  even 
a  ton  weight,  seems  at  first  incredible ;  certainly  it  is  contrary  to 
what  one  should  expect,  and  on  that  account  the  experiment  to 
show  this  fact  has  usually  been  called  the  hydrostatic  paradox. 

C,  It  does  appear  unaccountable :  I  hope  the  experiments  are 
easy  to  understand. 
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F.  Many  hare  been  invented  for  the  purpose ; — o  b  g  h  is  a 
glass  vessel,  con^sting  of  two  lubes  of  very  difier- 
ent  sizes,  joined  together,  and  freely  communicat- 
iDg  wth'  one  another.  Let  water  be  poured  in 
at  H,  nhich  will  pass  tlirough  the  joining  of  the 
tubes,  and  rise  in  the  wide  one  to  the  same  height 
exactly  as  it  stands  in  the  smaller :  which  shows 
that  tiie  small  column  of  water  in  D  a  balances 
the  large  one  in  the  other  tube.  This  will  be  the 
case  if  the  quantity  of  water  in  the  small  tube  be  a  •■«— 

thousand  or  a  million  times  less  than  the  quantity  in  the  lai^crone. 

If  the  smaller  tube  be  bent  in  any  oblique  direction,  as  a  f,  the 
water  will  stand  at  f,  that  is,  on  the  same  level  as  it  stands  at  a. 
This  would  be  the  case  if,  instead  of  two  tubes,  there  were  anv 
given  number  of  them  connected  together  at  b,  and  varied  in  all 
kinds  of  oblique  directions,  the  water  would  be  on  a  level  in  them 
all;  that  is,  thepwyen^iiciifar  AeipW  of  the  water  would  be  the 

C.  This  does  not  quite  satisfy  me;  because  it  appears  that  a 
great  part  of  the  water  in  the  large  tube  is  supported  by  the  parts 
B  about  the  bottom,  and  therefore  that  the  water  in  the  smaller 
tube  only  sustains  the  pressure  of  a  column  of  water,  the  diameter 
of  which  is  equal  to  its  own  diameter. 

F.  This  would  be  thecase  if  the  pressure  of  the  fluids  were  only 
downwards,  but  we  have  shown  that  it  acts  in  all  directions  ;  and, 
therefore,  die  pressure  of  the  parts  near  the  side  of  the  tube  acts 
against  the  column  in  the  middle,  which  you  suppose  is  the  only 
part  of  the  water  sustained  by  that  contained  in  the  small  tube ; 
consequently,  the  smaller  quantity  of  water  in  d  b  sustains  the 
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s  try  another  experiment : — 
ABC  and  A  B  0  are  two  vessels,  having  their  bottoms  d  d  and 
D  d  exactly  equal,  but  the  contents  of  one  vessel  are  twenty  times 


Fig.  10.  i^.  11. 

greater  than  the  other ;  that  is,  the  first  figure,  when  filled  ti^  ^s■ 
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A,  will  hold  but  one  pint  of  water ;  whereas  the  second,  when  filled 
to  the  same  height,  will  hold  twenty  pints.  Brass  bottoms,  c  c, 
are  fitted  exactly  to  each  vessel,  and  made  water-tight  by  pieces 
of  wet  leather.  Each  bottom  is  joined  to  its  vessel  by  a  hinge  d, 
so  that  it  opens  downwards  like  the  lid  of  a  box.  By  means  of  a 
little  hook  d,  a  pulley  r,  and  a  weight  e,  the  bottom  is  kept  close 
to  the  vessel,  and  will  hold  a  certain  quantity  of  water. 

J^,  That  is,  till  the  weight  of  the  water  overcomes  the  weight  e. 

-F.  No ;  not  till  the  weighty  but  till  the  pressure  of  the  water 
overcomes  the  weight  b. 

Now  hold  the  second  vessel  upright  in  your  hands,  while  I 
gradually  pour  water  into  it  with  a  funnel ;  the  pressure  bears 
down  the  bottom,  and,  of  course,  raises  the  weighty  and  a  small 
quantity  of  the  water  escapes.  Let  us  maik  the  height  h  a,  at 
which  the  surface  of  the  water  stood  in  the  vessel  when  the  bot- 
tom began  to  give  way. 

Try  the  other  vessel  in  the  same  manner,  and  we  shall  see  that 
when  the  water  rises  to  a,  that  is,  to  just  the  same  height  in  this 
vessel  as  in  the  former,  the  bottom  will  also  give  way,  as  it  did 
in  the  other  case.  Thus  equal  weights  are  overcome  in  the  one 
case  by  twenty  pints  of  water,  and  in  the  other  by  a  single  pint. 
The  same  would  hold  good  if  the  difference  were  greater  or  less  in 
any  given  proportion. 

JS.  What  is  the  reason  of  this,  papa  ? 

F.  It  depends  upon  two  principles,  with  which  you  are  now 
acquainted.  The  first  is,  that  fluids  press  equally  in  all  direc- 
tions ;  and  the  second  is,  that  action  and  reaction  are  equal  and 
contrary  to  each  other.*  The  water,  therefore,  below  the  fixed 
part  b/  will  press  as  much  upwards  against  the  inner  surface,  by 
the  action  of  the  small  column,  as  it  would  by  a  column  of  the  same 
height^  and  of  any  other  diameter  whatsoever ;  and  since  action 
and  reaction  are  equal  and  contrary,  the  action  against  the  inner 
surface  b/  will  cause  an  equal  reaction  of  the  water  in  the  cavity 
B  /  c  D  against  the  bottom  c  ;  consequently  the  pressure  upon  the 
bottom  of  the  first  figure  will  be  as  great  as  it  was  upon  the  same 
part  of  the  second  (p.  156). 

(7.  Can  you  prove  by  experiment  that  there  is  this  upward  pres- 
sure against  the  inner  surface  b  cf? 

F,  Very  easily  :  suppose  at/  there  were  a  little  cork,  to  which 
a  small  string  was  fixed ;  I  might  place  a  tube  over  the  cork,  and 
then  draw  it  out,  the  consequence  of  which  would  be,  that  the 
water  in  the  vessel  would  force  itself  into  the  tube,  and  stand  as 
high  in  it  as  it  does  in  the  vessel.  Would  not  this  experiment 
prove  that  there  was  this  upward  pressure  against  b/? 

*  See  Mechanics,  Conversation  XI. 
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C  It  would  ;  and  I  can  easily  conceive  that  if  other  tubes  were 
placed,  in  the  same  manner,  in  different  parts  of  b/,  the  same 
effect  would  be  produced. 

F,  Then  you  must  admit  that  the  action  against  b/,  or,  which 
is  the  same  thing,  the  reaction  against  c,  that  is,  the  pressure  of 
the  water  against  the  bottom,  is  equally  as  great  as  it  would  be  if 
the  vessel  were  as  large  in  every  part  as  it  is  at  the  bottom,  and 
ihe  water  stood  level  to  the  height  a  a. 

C,  Yes,  I  do ;  because,  if  tubes  were  placed  in  every  part  of 
b/,  the  same  effect  would  be  produced  in  them  all,  as  in  the 
single  one  at  /;  but  if  the  whole  surface  were  covered  with  small 
tubes,  there  would  then  be  little  or  no  difference  between  the  two 
vessels.     See  Figs.  10  and  11. 

F,  There  would  be  no  difference,  provided  you  kept  filling  the 
large  tube,  so  that  the  water  should  stand  in  them  all  at  the  same 
level  A  a.  Otherwise,  the  introduction  of  a  single  tube  a/,  would 
make  a  material  difference :  for  though  the  water  in  A  c  would 
overcome  the  weight  e,  yet  if  with  my  hand  I  prevent  any  of  the 
water  from  running  out  till  I  have  taken  out  the  cork,  and  suf- 
fered the  water  to  force  itself  out  of  the  vessel  into  the  small  tube, 
I  may  remove  my  hand  with  safety ;  for  the  water  will  not 
overcome  the  weight  now,  though  there  is  certainly  the  same 
quantity  of  water  in  it  as  there  was  before  the  little  tube  a  /was 
inserted. 

F,  I  think  I  see  the  reason  of  this  :  the  water  stood  as  high  as 
A  a  before  the  little  tube  was  introduced,  but  now  it  stands  at  the 
level  X  X  ;  and  you  told  us  yesterday  that  the  pressures  were  only 
equal,  provided  the  perpendicular  heights  were  also  equal, 

F,  I  am  glad  to  find  you  so  attentive  to  what  I  say.  In  order 
that  the  pressure  may  overcome  the  weight  e,  you  must  put  in 
more  water  till  it  rise  to  the  level  a  a,  and  now  you  may  see  the 
weight  rises,  and  the  water  flows  out. 

I  will  put  another  tube,  and  the  water  rushing  into  that  causes 
the  level  to  descend  again  to  x  x,  and  I  must  put  more  water  in 
to  bring  the  level  up  to  a  a  before  it  can  overcome  the  weight  b. 
What  1  have  shown  in  these  two  cases  will  hold  true  in  all,  sup- 
posing you  fill  the  cover  with  tubes. 

C.  I  see,  then,  that  it  is  the  difference  of  the  perpendicular 
heights  which  causes  the  difference  of  pressure,  and  can  now  fully 
comprehend  the  reason  why  a  pint  of  water  may  be  made  to 
balance  or  support  a  hogshead;  or,  in  the  words  with  which 
you  set  out,  that  any  quantity  of  water ^  however  smaMf  may 
be  made  to  balance  and  support  any  other  quantity^  however 
large, 

F  What  has  been  proved  with  regard  to  water,  vax^  V»  ^o^w 
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to  hold  with  regard  to  wine,  or  oil,  or  any  other  fluid.  But  the 
experiment  will  not  answer  if  different  fluids  are  made  use  of,  as 
water  and  oil  together. 


CONVERSATION  VI. 

Of  the  Hydrostatic  Bellows, 

F,  I  think  we  have  made  it  sufficiently  clear  that  the  pressure 
of  fluids  of  the  same  kind  is  always  proportional  to  the  area  of 
the  base  multiplied  into  the  perpendicular  height  at  which  the 
fluid  stands,  without  any  regard  to  the  form  of  the  vessel,  or  the 
quantity  of  fluid  contained  in  it. 

E,  But  it  still  appears  very  mysterious  to  me,  that  a  pint  of 
water  in  the  narrow  vessel  (Fig.  10.)  should  have  •  an  equal 
pressure  with  the  20  pints  in  the  next  vessel.  You  will  not  say 
that  one  pint  weighs  as  much  as  the  20. 

F,  Your  objection  is  proper.  The  pressure  of  the  water  upon 
the  bottom  c  c  does  not  in  the  least  alter  the  weight  of  the  vessel 
and  water  considered  as  one  mass ;  for  the  action  and  reaction 
which  cause  the  pressure,  destroy  one  another  with  respect  to 
the  weight  of  the  vessel,  which  is  as  much  sustained  by  the  action 
upwards  as  it  is  pressed  by  the  reaction  downwards. 

The  pressure  of  fluids  differs  from  the  gravity  or  weight  in  this 
respect :  the  weight  is  according  to  the  qiiantity ;  but  the  pressure 
is  according  to  the  perpendicular  height, 

C,  Suppose  both  vessels  were  filled  with  any  solid  substance, 
would  the  effect  produced  be  very  different  ? 

F.  If  the  water  were  changed  into  ice,  for  instance,  the  pres- 
sure upon  the  bottom  of  the  smaller  vessel  would  be  much  less 
than  that  upon  the  larger. 

Here  is  another  instrument  to  show  you 
that  a  very  few  ounces  of  water  will  lift  up 
and  sustain  a  large  weight. 

E,  What  is  the  instrument  called  ? 

F.  It  is  made  like  common  bellows,  only 
without  valves,  and  writers  have  given  it ' 
the  name  of  the  hydrostatic  bellows.  This 
small  tin  pipe  e  o  p  communicates  with 
the  inside  of  the  bellows.  At  present  the 
upper  and  lower  board  are  kept  close  to 
one  another  with  the  weight  w.  Pour 
this  half  pint  of  water  into  the  tube. 

C,  It  has  se])arated  the  boards  and 
lifted  up  the  weight 
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F,  Thus  you  see  that  seven  or  eight  ounces  of  water  have 
raised  and  continue  to  sustain  a  weight  of  56  lb.  By  diminish- 
ing the  bore  of  the  pipe  and  increasing  its  length ,  the  same,  or 
even  a  smaller,  quantity  of  water  would  raise  a  much  larger 
weight. 

C,  How  do  you  find  the  weight  that  can  be  raisied  by  this 
small  qiiantity  of  water  ? 

F,  r  ill  the  bellows  with  water,  the  boards  of  which,  when  dis- 
tended, are  three  inches  asunder.  I  will  screw  in  the  pipe.  As 
there  is  no  pressure  upon  the  bellows,  the  water  stands  in  the 
pipe  at  the  same  level  with  that  in  the  bellows  at  2. 

Now  place  weights  on  the  upper  board  till  the  water  ascend 
exactly  to  the  top  of  the  pipe  e;  these  weights  express  the 
weight  of  a  pillar,  or  column  of  water,  the  base  of  which  is  equal 
to  the  area  of  the  lower  board  of  the  bellows,  and  the  height 
equal  to  the  distance  of  the  upper  board  from  the  top  of  the  pipe. 

E.  Will  you  make  the  experiment  ? 

F,  Your  brother  shall  first  make  the  calculation. 
(7.  But  I  must  look  to  you  for  assistance. 

F,  You  will  require  very  little  of  my  help.  Measure  the 
diameter  of  the  bellows,  and  the  perpendicular  height  of  the  pipe 
from  the  upper  board. 

C,  The  bellows  are  circular,  and  12  inches  in  diameter;  the 
height  of  the  pipe  is  36  inches. 

F,  Well :  you  have  to  find  the  solid  contents  of  a  cylinder  of 
these  dimensions ;  that  is,  the  area  of  the  base  multiplied  by  the 
height. 

C.  To  find  the  area  I  multiply  the  square  of  twelve  inches, 
that  is,  144,  by  the  decimals  '7864,  and  the  product  is  113  nearly, 
the  number  of  square  inches  in  the  area  of  the  bottom  board  of 
the  bellows.  And  113  multiplied  by  36  inches,  the  length  of  the 
jripe,  gives  4068,  the  number  of  cubic  inches  in  such  a  cylinder ; 
this  divided  by  1728  (the  number  of  cubic  inches  in  a  cubic  foot) 
leaves  a  quotient  of  2*3  cubic  feet,  the  solid  contents  of  the  cylin- 
linder.     Still  I  have  not  the  weight  of  the  water. 

F.  The  weight  of  pure  water  is  equal  in  all  parts  of  the  known 
world,  and  a  cubical  loot  of  it  weighs  1000  ounces,  or  62i  pounds 
avoirdupois,  or  nearly  six-elevenths  of  a  hundred  weight. 

C  Then  such  a  cylinder  of  water,  as  we  have  been  conversing 
about,  weighs  about  2300  ounces,  or  144  pounds  nearly. 

j&.  Let  us  now  see  if  the  experiment  agrees  with  Charles's  cal- 
culation. 

F,  Put  the  weights  on  carefully,  or  you  will  dash  the  water 
oat  at  the  top  of  the  pipe,  and  I  dare  say  that  you  will  fisk^  ^2c^^ 
hxX  agrees  with  the  theory. 
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C,  If  instead  of  this  pipe  one  double  the  length  was  used, 
would  the  water  sustain  a  double  weight  ? 

F,  It  would ;  and  a  pipe  three  or  four  times  the  length  would 
sustain  three  or  four  times  greater  weights. 

G,  Are  there  then  no  limits  to  this  kind  of  experiment,  except 
those  which  arise  from  the  difficulty  of  acquiring  length  in  the  pipe  ? 

F,  The  bursting  of  the  bellows  would  soon  determine  the  limit 
of  the  experiment.  Dr.  Goldsmith  says,  that  he  once  saw  a 
strong  hogshead  split  by  this  means.  A  strong  small  tube  made 
of  tin,  about  20  feet  long,  was  cemented  into  the  bunghole,  and 
then  water  was  poured  in  to  fill  the  cask ;  when  it  was  full,  and 
the  water  had  risen  to  within  about  a  foot  of  the  top  of  the  tube, 
the  vessel  burst  with  prodigious  force. 

E.  It  is  very  difficult  to  conceive  how  this  pressure  acts  with 
such  power. 

F,  The  water  at  o  is  pressed  with  a  force  proportional  to  the 
perpendicular  altitude  e  o;  this  pressure  is  communicated  hori- 
zontally in  the  direction  o  p  q,  and  the  pressure  so  communicated 
acts,  as  you  know,  equally  in  all  directions :  the  pressure,  there- 
fore, downwards  upon  the  bottom  of  the  bellows  is  just  the  same 
as  it  would  be  if  j?  qnr  were  a  cylinder  of  water. 

The  experiment  with  the  bellows  might,  for  want  of  such 
an  instrument^  be  made  by  means  of  a  bladder  in  a  box  with  a 
movable  lid. 

E.  Has  this  property  of  Hydrostatics  been  applied  to  any  prac- 
tical purposes  ? 

F,  The  knowledge  of  it  is  of  vast  importance  in  the  concerns 
of  life.  On  this  principle  a  press  of  immense  power  has  been 
formed,  which  we  shall  describe  (see  Conversation  XX),  after 
you  are  acquainted  with  the  nature  and  structure  of  valves,  and 
which  is  used  in  many  seaport  towns  for  pressing  into  a  small 
compass  hay  and  other  commodities,  for  stowage  on  board  ship, 
but  which  in  their  natural  state  would  take  up  too  much  space. 
The  same  property  is  also  applied  to  proving  cables,  by  tearing 
them  ;  and  to  the  pulling  up  of  trees. 


CONVERSATION  VII. 

Of  the  Pressure  of  Fluids  against  the  Sides  of  Vessels. 

F,  Do  you  recollect,  Charles,  the  law  by  which  you  calculated 
the  accelerated  motion  of  falling  bodies  ?* 

C.  Yes :  the  space  described  increases  in  the  same  proportion 
*  See  Mechanics,  Conversation  YII.  and  YIII. 
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ss  the  odd  numbers  1,  3,  5,  7,  9,  &c. ;  that  is,  if  at  the  end  of 
one  second  of  time  the  body  has  l)een  carried  through  a  vertical 
space  of  J  6  feet,  then  in  the  next  second  it  will  descend  three 
times  16,  or  46  feet;  in  the  thiid  it  will  descend  five  times  16 
feet,  and  in  the  neit  seven  times  16  feet,  and  so  on,  coDtinually 
increasing  according  to  the  same  law. 

F.  Well,  then,  what  I  am  going  to  tell  you  will  tend  to  im- 
press the  rule  sHIl  more  strongly  on  your  memory. 

The  pressure  of  fluids  against  the  sides  of  any  vessel  increases 
in  the  same  proportion,  and  is  governed  by  the  same  laws. 

Suppose  a  b  c  il  to  be  a  cubical  vessel  filled 
with  water  or  any  other  fluid,  and  one  of  the    * 
sides  to  be  accurately  divided  into  any  number 
of  equal  parts  by  the  lines,  1,  7 ;  2,  8  ;  3,  9 ;  &c 

Now  if  the  pressure  of  the  vrater  upon  the 
part  of  ibe  vessel  a  1  &  7  be  equal  to  an  ounce 
or  a  pound,  then  the  pressure  upon  the  part  1, 
2,  7,  8,  will  be  equal  to  three  ounces,  or  three 
pounds;  and  the  pressure  upon  the  part  2,  3, 
8,  9,  will  be  equal  to  five  ounces  or  pounds,  and  fig,  13, 

C.  Then  I  see  the  reason  why  the  other  part  of  the  rule  holds 
true,  viz.  that  the  pressure  against  the  whole  side  must  vary  as 
the  square  of  the  depth  of  the  vessel. 

F.  Explain  to  us  the  reason. 

C  The  pressure  upon  the  jirst  part  being  1,  and  that  upon 
the  second  3,  and  that  upon  the  third  5 ;  then  the  pressure  upon 
the  first  and  second  taken  together  ia  by  addition  4;  upon  the 
first,  second,  and  third  it  must  be  9 ;  and  upon  the  first,  second, 
third  and  fourth,  it  vrill  be  16 :  but  4,  9,  16,  are  the  squares  of 
2,  3,  4. 

£.  And  the  pressure  upon  the  whole  side  abed  must  be  36 
times  greater  than  that  upon  the  small  part  a  1,  6  7. 

O.  And  if  there  arc  three  vessels,  for  instance,  of  equal  width, 
whose  depths  are  as  1,  2,  and  3,  the  pressure  agiunst  the  side  of 
the  second  wil!  be  four  limes  greater  than  that  against  the  first ; 
and  the  pressure  against  the  side  of  the  third  will  be  nine  timea 
greater  than  that  against  the  first. 

F.  You  are  rights  the  beautiful  simplidty  of  the  rule,  and  its 
being  the  same  by  which  the  accelerating  velocity  of  falling 
bodies  is  governed,  will  make  it  impossible  that  you  should  here- 
after forget  it. 

The  use  that  I  shall  hereafter  ask  you  to  make  of  the  rule, 
induces  me  to  put  a  question  to  Emma. 

In  two  canals  of  eoual  section,  one  5  feet  deep,  and  die  other 
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1 5,  what  difference  of  pressure  will  there  be  agaiDst  the  sides  of 
these  canals  ? 

E.  The  pressure  against  the  one  will  be  as  the  square  of  5,  or 
25  ;  that  against  the  other  will  be  as  the  square  of  15,  or  225; 
now  the  latter  number  divided  by  the  former  gives  9  as  a  quotient, 
which  shows  that  the  pressure  against  the  sides  of  the  deep  canal 
is  nine  times  greater  than  that  against  the  sides  of  the  shaDow 
one. 

C.  You  have  explained  the  manner  of  estimating  the  pressure 
of  fluids  against  the  sides  of  a  vessel ;  bj  what  rule  are  we  to  find 
the  pressure  upon  the  bottom  ? 

F,  In  such  vessels,  that  is,  where  the  sides  are  perpendicular 
to  the  bottom,  and  the  bottom  parallel  to  the  horizon,  the  pressure 
will  he  equal  to  the  weight  of  the  fluid, 

E,  If  then  the  vessel  hold  an  imperial  gallon  of  water,  which 
weighs  ten  pounds,  and  if  the  bottom  were  made  movable,  would 
a  weight  of  ten  pounds  keep  the  water  in  the  vessel  ? 

F.  It  would :  for  then  there  would  be  an  eouilibrium  be- 
tween- the  pressure  of  the  water  and  the  weight.  And  die 
pressure  upon  any  one  side  is  equal  to  half  the  pressure  upon 
the  bottom ;  that  is,  provided  the  bottom  and  sides  are  equal  to 
one  another. 

C.  Pray,  sir,  explain  how  that  is  made  out. 

F,  The  pressure  upon  the  bottom  is,  as  we  have  shown,  equal 
to  the  weight  of  the  fluid.  But  we  have  also  shown  that  the 
pressure  on  the  sides  becomes  less  and  less  continually,  till  at  the 
surface  it  is  nothing.  Since,  then,  the  pressure  upon  the  bottom 
is  truly  represented  by  the  area  of  the  base  multiplied  into  the 
altitude  of  tiie  vessel,  the  pressure  upon  the  side  will  be  repre- 
sented by  the  base  multiplied  into  half  the  altitude. 

E,  Is  the  pressure  upon  the  four  sides  equal  to  twice  the 
pressure  upon  the  bottom  ? 

F,  It  is;  consequently,  the  pressure  of  any  fluid  upon  the 
bottom  and  four  sides  of  a  cubical  vessel  is  equal  to  three  times 
the  weight  of  the  fluid. 

Can  you,  Charles,  tell  me  the  difference  between  the  weight 
and  the  pressure  of  a  conical  vessel  of  water  standing  on  its  base  ? 

C,  The  weight  of  a  conical  vessel  of  any  fluid  is  found  by  mul- 
tiplying the  area  of  the  base  by  J  of  its  neight,  and  then  by  the 
specific  gravity  :*  but  the  pressure  is  found  by  multiplying  the 
base  by  the  specific  gravity,  and  whole  height;  therefore  the 
pressure  upon  the  base  will  be  equal  to  three  times  the  weight. 

*  The  rule  for  jBnding  the  solidity  of  a  cone  or  a  pyramid  is  this : — "  MoltiplT 
the  area  of  the  base  by  one- third  of  the  height,  and  the  product  wUl  be  the  solidity. ' 
— See  Button's  or  Bonnycastle's  Mensuration ;  or,  an  "  Introduction  to  tiie  iurto 
and  Sciences,"  by  the  author  of  Scibittivio  Duxoeuxs,  art  Mentwration, 
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CONVERSATION  VIII. 

Of  the  Motion  of  Fluids. 

F,  We  will  now  consider  the  pressure  of  fluids  with  regard  to 
the  motion  of  them  through  spouting-pipes,  which  is  subject  to 
the  same  law. 

If  the  pipes  at  1  and  4  (fig.  13.  p.  165)  will  be  equal  in  size 
and  length,  the  discharge  of  water  by  the  pipe  at  4  will  be  double 
that  at  1.  Because  the  velocity  with  which  water  spouts  out  at  a 
hole  in  the  side  or  bottom  of  a  vessel  is  as  the  square  root  of  the 
distance  of  the  hole  below  the  surface  of  the  water. 

F,  I  remember  that  the  square  root  of  any  number  is  that 
which,  being  multiplied  into  itself,  produces  the  said  number. 
Thus  the  square  root  of  1  is  1 ;  but  of  4  it  is  2;  of  9  it  is  3;  of  16 
it  is  4  ;  and  of  25  it  is  5 ;  and  so  on. 

C,  Then  if  vou  had  a  tall  vessel  of  water  with  a  cock  inserted 
within  a  foot  of  the  top,  and  you  wished  to  draw  the  liquor  off  three 
times  faster  than  it  could  be  done  with  that,  what  would  you  do  ? 

F,  I  might  take  another  cock  of  the  same  size,  and  insert  it 
into  the  barrel  at  nine  feet  distance  from  the  surface,  and  the 
thing  required  would  be  done. 

F.  Is  this  the  reason  why  water  runs  so  slowly  out  of  the 
cistern  when  it  is  nearly  empty,  in  comparison  of  what  it  dose 
when  the  cistern  is  just  full  ? 

F.  It  is ;  because  the  more  water  there  is  in  the  cistern,  the 
greater  the  pressure  upon  the  part  where  the  cock  is  inserted ; 
and  the  greater  the  pressure,  the  greater  the  velocity,  and  conse- 
quently flie  greater  the  quantity  of  water  that  is  drawn  off  in  the 
same  time. 

In  some  large  barrels  there  are  two  holes  for  cocks,  the  one 
about  the  middle  of  the  cask,  the  other  at  the  bottom :  now  if, 
when  the  vessel  is  full,  you  draw  the  beer  or  wine  from  both 
cocks  at  once,  you  will  find  that  the  lower  one  gives  out  the  liquor 
much  the  faster. 

C,  In  what  proportion  ? 

F,  As  the  square  root  of  2  is  greater  than  that  of  1 ;  that  is, 
while  you  have  a  quart  from  the  upper  cock,  nearly  three  pints 
would  run  from  the  lower  one,  provided  the  vessel  were  full. 

F,  Are  we  then  to  understand  that  the  pressure  against  the 
fflde  of  a  vessel  increases  in  proportion  to  the  square  of  the  depth ; 
but  the  velocity  of  a  spouting^ipe,  which  depends  upon  the  pres- 
sure at  the  orifice  itself,  increases  only  as  the  square  root  oi  the 
depth? 

F.  That  is  the  proper  distinction. 
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C,  Is  not  the  velocity  of  water,  running  out  of  a  vessel  that 
empties  itself,  continually  decreasing  ? 

F,  Certainly:  because,  in  proportion  to  the  quantity  drawn 
off,  the  surface  descends,  and  consequently  the  perpendicular 
depths  become  less  and  less. 

The  spaces  described  by  the  descending  surfaccj  in  equal  pro- 
portions of  time,  are  as  the  odd  numbers  1,  3,  5,  7,  9,  &c.,  tSkea 
backwards. 

E,  If  the  height  of  a  vessel  filled  with  any  fluid  be  divided 
into  25  parts,  and  in  a  given  space  of  time,  as  a  minute,  the  sur- 
face descend  through  nine  ot  those  parts,  will  it,  in  the  next 
minute,  descend  through  seven  of  those  parts,  in  the  third  minute 
five,  in  the  fourth  three,  and  in  the  fifth  one  ? 

F,  This  is  the  law,  and  from  it  have  been  invented  clepsydrce, 
or  water-clocks,  which  were  to  a  certain  extent  used  before 
the  invention  of  clocks  and  watches,  and  even  now  aire  found  at 
times  serviceable ;  as  for  instance  at  the  Observatory  in  Liver- 
pool, where  a  water-clock  is  used  to  give  regular  motion  to  the 
equatorial  telescope,  so  that  the  same  star  is  continued  in  the  field 
of  the  telescope,  notwithstanding  the  movement  of  the  earth  on  its 
axis? 

(7.  How  are  water-clocks  constructed  ? 

F,  Take  a  cylindrical  vessel,  and  having  ascertained  the  time 
it  will  require  to  empty  itself,  then  divide,  by  lines,  the  surface 
into  portions,  which  are  to  one  another  as  the  odd  numbers  1 ,  3, 
6,  7,  &c. 

E,  Suppose  the  vessel  require  six  hours  to  empty  itself,  how 
must  it  be  divided  ? 

F,  It  must  be  first  divided  into  36  equal  parts ;  then,  ban- 
ning from  the  surface,  take  eleven  of  those  parts  for  the  first  hour, 
nine  for  the  second,  seven  for  the  third,  five  for  the  fourth,  three 
for  the  fifth,  and  one  for  the  sixth,  and  you  will  find  that. the  sur- 
face of  the  water  will  descend  regularly  through  each  of  those 
divisions  in  an  hour. 

I  believe  both  of  you  have  seen  the  locks  that  are  constructed 
on  the  river  Lea  ? 

C.  Yes ;  and  I  have  wondered  why  the  floodgates  were  made 
of  such  an  enormous  thickness. 

F,  But  after  what  you  have  heard  respecting  the  pressure  of 
fluids,  you  will  see  the  necessity  there  is  for  the  great  strength 
employed. 

C/.  I  do ;  for  sometimes  the  height  of  the  water  is  20  or  30 
times  greater  on  one  side  of  the  gates  than  it  is  on  the  other, 
therefore  the  pressure  will  be  400  or  even  900  times  greater 
against  one  side  than  it  is  against  the  other. 
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And  I  also  can  well  conceive  that  tbere  was  good  reason  for  the 
destructive  violence,  with  which  the  water  escaped  from  the 
Holmfirth  reservoirs,  and  also  from  those  near  Bury  in  Laircaahire, 
durii^  this  jcar.  And  I  am  not  at  all  surprised  at  the  wreck  and 
ruin  that  occurred  at  Chainouni,  and,  on  a  greater  or  less  scale, 
throughout  England  and  the  Continent  of  Europe,^ — from  the 
unprecedented  rains  of  the  memorable  autumn  of  1S52. 

E.  How  are  the  gates  open  when  such  a  weight  presses  agiunst 

F.  There  is  scarcely  any  power  hy  which  they  could  be  moved 
when  this  weight  of  water  is  against  them ;  therefore  there  are 
sluices  by  the  side,  which,  being  drawn  up,  the  water  gets  away 
and  passes  into  the  basin  till  it  becomes  level  on  both  sides ; 
then  the  gates  are  opened  with  the  greatest  ease,  because  the 
pressure  being  equal  on  Iwth  sides,  a  small  force  applied  will  be 
sufficient  to  overcome  the  friction  of  the  hinges,  or  other  trifling 
oljstacles. 


.  Is  it  this  great  pressure  that  sometimes  beats  down  the 
banks  of  rivers? 

F.  It  ia ;  for  if  the  banks  of  a  river  or  canal  do  not  increase  in 
Btrength  b  the  proportion  of  the  square  of  the  depth,  they  cannot 
stand.  Sometimes  the  water  in  a  river  will  in^uate  itself 
through  the  bank  near  the  bottom  ;  and  if  the  weight  of  the  bank 
be  Dot  equal  to  that  of  the  water,  it  will  assuredly  be  torn  up, 
perhaps  with  great  violence. 

I  will  make  the  matter  clear  by  a  drawing.  Suppose  this 
figure  to  be  a  section  of  a  river, 
and  t  a  crevice  or  drain  made 
by  time  under  the  tiank  g ; 
by  what  vre  have  shown  be- 
fore, the  upward  pressure  of 
the  water  in  that  drain  is 
equal  to  the  downward  pres- 
sure of  the  water  in  the  nver ; 
therefore,  if  that  part  of  thr 
bank  be  not  as  heavy  as  a 
column   of   water    tbe    same  Fig.  I4. 

height  and  width,  it  must  he  torn  up  by  the  force  of  the  pres- 

C.  Is  there  do  method  of  securing  leaks  that  happen  in  the 
embankments  of  rivers  ? 

F.  The  only  method  is  that  called  paddling.  If  n  be  the  bank 
of  a  canal  in  wliich  a  leak  is  discovered,  the  water  must  be  first 
drawn  off  below  the  leak,  and  a  trench  IS  or  20  inches  wide  dug 
lengthwise  along  the  side  of  the  canal,  and  deeper  than  thft  bcft.- 
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torn  of  the  canal :  this  is  filled,  by  a  little  at  a  time,  with  clay  or 
loam  reduced  into  a  semi-fluid  state  by  mixing  it  with  water :  when 
the  first  layer,  which  is  seldom  above  six  or  eight  inches  deep,  is 
nearly  dry,  another  is  worked  in  the  same  manner  till  the  whole  is 
filled.  By  this  means,  if  the  operation  be  performed  by  skilfol 
hands,  and  time  be  allowed  for  all  the  parts  to  dry  and  cohere,  the 
bank  becomes  strong  and  impenetrable. 


M  K 


CONVERSATION  IX. 

Of  the  Motion  of  Fluids, 

F,  I  will  now  show  you  an  experiment,  by  which  you  will  ob- 
serve the  uniformity  of  Nature's  operations  in  regard  to  spout- 
ing fluids.  Let  a  b  represent  a 
tall  vessel  of  water,  kept  full 
during  the  experiments.  From 
the  centre  of  this  vessel  I  have 
drawn  a  semicircle,  the  diameter 
of  which  is  the  height  of  the 
vessel  A  B.  I  have  drawn  three 
lines  perpendicular  to  the  vessel, 
d  2  from  the  centre  of  the  vessel ; 


c  1,  a  5,  at  equal  distances  from 
the  centre,  the  one  above  and 
the  other  below  it.  By  taking 
out  the  plug  from  the  centre, 
you  will  see  that  the  water  spouts  to  m.  Take  your  compasses 
and  you  will  find  that  the  distance  n  m  is  exactly  double  the 
length  of  d'2,  I  will  now  stop  this  plug  and  open  the  next 
below. 

C,  The  water  reaches  to  k,  which  is  double  the  length  of  a  6. 

F,  Try  in  the  same  manner  the  pipe  c. 

(7.  It  falls  at  the  same  spot  k,  as  it  did  from  the  lower  one. 

F.  Because  the  lines  c  1  and  a  5  being  equally  distant  from  the 
centre  of  the  semicircle,  they  are  equal  to  one  another. 

F,  Then  n  k  is  the  double  of  c  1  as  well  as  a  6. 

F,  It  is.  The  general  rule  deduced  from  these  experiments 
is,  that  the  horizontal  distance  to  which  a  fluid  will  spout  from  a 
horizontal  pipe,  in  any  part  of  the  side  of  an  upright  vessel  below 
the  surface  of  the  fluid,  is  equal  to  twice  the  length  of  a  perpen- 
dicular to  the  side  of  the  vessel,  drawn  from  the  mouth  of  the  pipe 
to  a  semicircle  described  upon  the  altitude  of  the  vessel. 


Fig.  15. 
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Can  you,  Charles,  tell  me  in  what  part  the  pipe  should  be  placed 
in  order  that  the  fluid  should  spout  the  farthest  possible  ? 

C,  In  the  centre :  for  the  line  d  2  seems  to  be  the  greatest  pf 
all  the  lines  that  can  be  drawn  from  the  vessel  to  the  curved  line. 

F,  Yes,  it  is  demonstrable  by  geometry  that  this  is  the  case ; 
and  that  lines  at  equal  distances  from  the  centre,  above  and  below, 
are  also  equal  to  each  other. 

E,  Then,  in  all  cases,  if  pipes  are  placed  equally  distant  from 
the  centre,  they  will  spout  to  the  same  point  ? 

F,  They  will.  Instead  of  horizontal  pipes,  I  will  fix  three 
others  near  n,  which  shall  point  obliquely  upwards  at  different 
angles ;  one  at  22°  SCK,  the  second  at  45°,  and  the  third  at  67°  30', 
and  you  will  see  that,  when  I  open  the  cocks,  the  water  will  cut 
the  curve  line  nearly,  but  not  accurately,  in  tiiose  parts  to  which 
the  horizontal  lines  were  drawn. 

C,  That  which  spouts  from  the  centre  is  thrown  to  the  point 
M,  as  it  was  from  the  centre  horizontal  pipe.  •  The  two  others  fall 
on  the  point  k,  on  which  the  upper  and  lower  horizontal  pipes 
ejected  the  stream. 

E,  I  thought  the  water  from  the  upper  cock  did  not  reach  so 
high  as  the  mark. 

F,  It  did  not.  The  reason  is,  that  it  had  to  pass  through  a 
larger  body  of  air,  and  the  resistance  from  that  retarded  the  water, 
and  prevented  it  from  rising  to  the  point  to  which  it  would  have 
ascaided  if  the  air  had  been  taken  away. 

While  we  are  on  this  subject,  I  will  just  mention,  that  as  you 
see  the  water  spouts  the  farthest  when  the  pipe  is  elevated  to  an 
angle  of  45°,  so  a  gun,  cannon,  &c.  will  project  a  bullet  or  a  cannon- 
ball  the  farthest,  if  it  be  elevated  to  an  an^le  of  45°. 

C,  Will  a  cannon  carry  a  ball  to  equal  distances  if  it  be  ele- 
vated at  angles  equally  distant  from  45°,  the  one  above  and  the 
other  below? 

F,  It  will,  in  theory :  but  owing  to  the  great  resistance  which 
very  swift  motions  meet  with  from  the  air,  there  must  be  allow- 
ances made  for  some  considerable  variation  between  theory  and 
practice. 

A  regard  to  this  will  explain  the  reason  why  water  will  not  rise 
80  high  in  a  jet  as  it  does  in  a  tube. 

E.  I  do  not  know  what  this  means. 

F,  Turn  to  the  figure  in  p.  155 ;  the  water  in  the  small  tube 
rises  to  a  level  with  that  in  the  larger  one ;  now,  if  the  tube  h  q 
were  broken  off  at  t,  the  water  would  spout  up  like  a  fountain, 
bat  not  so  high  as  it  stands  in  the  tube,  perhaps  no  higher  than 
iod. 

C.  Is  that  owing  wholly  to  the  resistance  of  the  lur  ? 
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F,  It  is  to  be  ascribed  to  the  resistance  which  the  water  meets 
with  from  the  air,  and  to  the  force  of  gravity,  which  has  a  tendency 
to  retard  the  motion  of  the  stream. 

E,  Why  do  fountains  sometimes  play  higher  and  sometimes 
lower  ? 

F.  There  is  a  reservoir  of  water,  from  which  a  pipe  commu- 
nicates with  the  jet  in  the  fountain ;  and  according  as  the  water 
in  the  reservoir  is  higher  or  lower,  the  height  to  which  the  fountain 
plays  is  regulated. 

From  what  you  have  already  learnt  on  this  subject,  you  will 
be  able  to  know  how  London  and  other  places  are  supplied  with 
.water. 

(7.  London  is,  I  believe,  partly  supplied  from  the  New  River, 
but  I  do  not  know  in  what  manner. 

F.  The  New  River  is  a  stream  of  water  that  comes  from  Ware, 
in  Hertfordshire ;  it  runs  into  a  reservoir  situated  on  the  high 
ground  near  Islington.  From  this  reservoir  pipes  are  laid  into 
those  parts  of  town  that  have  their  water  from  the  New  River, 
and  through  these  pipes  the  water  flows  into  cisterns  belonging  to 
different  houses. 

E,  Then  the  reservoir  in  Islington  must  be  higher  than  the 
cisterns  in  London. 

F,  Certainly  ;  because  water  will  not  rise  above  its  level. 
Thus  you  see  that  water  may  be  carried  to  any  distance,  and 
houses,  on  different  sides  of  a  deep  valley,  may  be  supplied  b^ 
water  from  the  same  spring-head.  You  must  remember  that  if 
the  valleys  are  very  deep,  the  pipes  must  be  exceedingly  strong 
near  the  bottom,  because  the  pressure  increases  in  the  rapid  pro- 
portion of  the  odd  numbers,  1,  3,  5,  7,  &c.,  and  therefore,  unless 
the  strength  of  the  wood  or  iron  be  increased  in  the  same  propor- 
tion, the  pipes  will  be  continually  bursting. 

E,  You  told  me  the  other  day  that  the  large  mound  of  earth, 
for  it  appears  nothing  else,  near  the  end  of  Tottenham  Court  Hoad, 
was  intended  as  a  reservoir  for  the  New  River. 

F,  What  appears  to  you,  and  others  who  pass  by  it,  only  as  a 
mound  of  earth,  is  an  exceedingly  large  basin,  capable  of  contain- 
ing a  great  many  thousand  bogheads  of  water. 

C,  How  do  they  get  the  water  into  it  ? 

F,  At  Islington,  near  the  New  River  Head,  is  made  a  large 
reservoir  upon  some  very  high  ground,  into  which,  by  means  of 
a  steam-engine,  they  constandy  throw  water  from  the  New  River. 
This  reservoir  being  higher  than  that  in  Tottenham  Court  Road, 
nothing  more  is  necessary  than  to  lay  pipes  from  Islington  to  that 
place,  in  order  to  keep  it  constantly  full  of  water. 

By  this  contrivance  the  New  River  Company  are  able  to  extend 
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their  business  to  other  parts  of  London,  to  which  their  previous 
head  of  water  could  not  reach. 

C.  The  weight  of  water  in  this  place  must  be  immensely 
great. 

F,  It  must ;  and  therefore  you  observe  what  a  thickness  the 
mound  of  earth  against  the  wall  is  at  the  bottom,  and  that  it 
diminishes  towards  the  top  as  the  pressure  becomes  less  and  less. 

E,  Would  not  the  consequences  be  very  serious  if  the  water 
were  to  insinuate  itself  through  the  earth  at  the  bottom  ? 

F,  If  such  an  accident  were  to  happen  when  the  reservoir  was 
full  of  water,  it  would  probably  tear  up  the  works,  and  do  in- 
credible mischief.  To  prevent  this,  the  vast  bank  of  earth  is  sloped 
within  as  well  as  without ;  it  is  then  covered  with  a  strong  coating 
of  clay  ;  after  this  it  is  built  up  with  a  very  thick  brick  wdl,  which 
is  carefully  tarrassed  over,  so  that  the  whole  mass  is  as  firm  and 
conipact  as  a  glass  bottle. 

C.  I  see,  then,  that  to  get  water  to  run  above  its  original  level, 
some  other  pressure  besides  its  own  must  be  added. 

F.  Yes ;  but  there  is  a  case  in  which  momentum  acts  the  part 
of  this  other  pressure — in  the  hydraulic  ram.  This  instrument  is 
so  constructed  that  the  escape  of  the  water  is  suddenly  cut  off: 
the  momentum  cannot  be  annihilated  in  a  moment,  and  there- 
fore exercises  itself  against  the  sides  of  the  tube.  If  a  small 
orifice  is  at  this  instant  opened  in  the  latter,  the  water  will  leap 
beyond  the  level  of  the  original  reservoir ;  as,  for  instance,  a 
column  of  water  from  a  source  20  fl.  high  may  mount  to  a  cistern 
160  ft.  high,  but  for  one  gallon  raised,  eleven  are  wasted.  This 
waste,  in  many  cases,  is  a  matter  of  no  importance.  The  machme 
consists  of  a  closed  rectangular  vessel,  with  an  exit-pipe  leading 
to  an  air-vessel,  and  another  to  the  cistern,  and  each  furnished 
with  a  valve.  The  pressure  of  the  water  is  equal  to  the  area  of 
the  pipe  and  the  height  of  the  fall,  and  it  closes  the  valve  of  the 
cistern-pipe,  and  enters  the  air-vessel  and  compresses  the  air. 
The  valves  now  alternate :  the  opened  one  is  closed  by  the  re- 
action of  the  compressed  air,  and  the  closed  one  opens  ;  and  the 
elasticity  of  the  air,  in  the  act  of  expanding,  forces  the  water  up 
to  the  cistern  very  much  on  the  same  principle  that  the  compressed 
air  operates  in  a  fire-engine. 
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CONVERSATION  X. 

Of  the  Specific  Gravities  of  Bodies, 

E,  What  is  the  reason,  papa,  that  some  bodies,  as  lead  or  iron, 
sink  in  water,  while  others,  as  wood,  swim  ? 

F,  Those  bodies  that  are  heavier  than  water  will  sink  in  it,  but 
those  that  are  lighter  will  swim. 

E.  I  do  not  quite  comprehend  vour  meaning ;  a  pound  of  wood, 
another  of  water,  and  another  of  lead,  are  all  equally  heavy.  For 
Charles  played  me  a  trick  the  other  day :  he  suddei^y  asked  which 
was  heavier,  a  pound  of  lead  or  a  pound  of  feathers  ?  I  said  the 
lead,  and  Charles  laughed  at  me,  and  said  that  both  were  the  same, 
and,  of  course,  so  they  were ;  for  a  pound  is  a  pound,  whether  it 
be  of  lead  or  of  feathers. 

F.  But,  Emma  dear,  suppose  you  and  I  have  our  laugh  at 
Charles,  and  tell  him  thtt  a  pound  of  feathers  is  actually  heavier 
than  a  pound  of  lead. 

C,  No,  papa,  you  are  joking  ;  it  cannot  be. 

F.  But  it  is  ;  for  the  pound  of  feathers  is  much  larger  in  bulk, 
and  is  supported  by  a  much  larger  bulk  of  the  fluid,  namely,  air, 
in  which  it  is  weighed,  and  you  will  find  that  if  you  compress  a 
pound  of  feathers  into  a  very  small  bulk,  they  would  weigh  more 
than  a  pound,  and  so  would  outweigh  the  lead.  But  you  will 
understand  this  better  as  we  go  on.  Do  you  know  how  much 
water  goes  to  a  pound  ? 

C,  Yes,  about  a  pint. 

F,  Do  you  think  that  a  pint  of  lead  would  weigh  a  pound 
only? 

V,  Oh  no ;  that  would  weigh  a  great  deal  more.  I  do  not 
believe  that  the  14  pounds  weight  below  stairs  is  much  larger  than 
a  pint  measure. 

F,  Yes  it  is,  by  about  a  fourth  part :  the  same  measure  that 
contains  one  pound  of  water  would,  however,  contain  upwards  of 
11  pounds  of  lead ;  but  it  would  contain  nearly  14  pounds  of 
quidcsilver,  which,  you  know,  I  could  pour  into  the  vessel  as  if  it 
were  water. 

Here  are  two  cups  of  equal  size :  fill  one  with  water,  and  I  will 
fill  the  other  with  quicksilver.  Take  the  cups  in  your  hand ; 
which  is  heavier  ? 

(7.  The  quicksilver  by  much. 

F.  But  the  two  cups  are  of  equal  size. 

E,  Then  there  must  be  equal  quantities  of  water  and  quick- 
silver. 

F,  They  are  equal  in  bulk. 
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C.  But  very  unequal  in  weight :  shall  I  try  how  much  heaviei 
the  one  is  than  the  other. 

-F.  If  you  please.  In  what  manner  will  you  ascertain  the 
matter  ? 

C.  I  will  pour  the  quicksilver  first  into  the  scale  and  weigh  it ; 
afterwards  do  the  same  with  the  water ;  and  divide  the  former  by 
the  latter ;  will  not  that  give  the  result  ? 

F,  Yes  it  will:  or  you  may  make  the  experiment  in  this 
method : 

Here  is  a  small  phial,  that  weighs,  now  it  is  empty,  an  ounce  ; 
fill  it  with  pure  rain-water,  and  the  weight  of  the  whole  is  two 
ounces. 

(7.  Then  it  contains  one  ounce  of  water. 

F,  Pour  out  the  water,  and  let  it  be  well  dried  both  within 
and  without :  fill  it  now  very  accurately  with  quicksilver,  and 
weigh  it  again. 

E,  It  weighs  nearly  16  ounces:  but,  as  the  bottle  weighs  one 
ounce,  the  quicksilver  weighs  nearly  14  ounces. 

F,  What  do  you  infer  from  this,  Charles  ? 

C  That  the  quicksilver  is  nearly  fourteen  times  heavier  than 
water. 

F,  I  will  now  pour  away  the  quicksilver,  and  fill  the  phial  with 
pure  spirits-of-wine,  or,  as  the  chemists  call  it,  with  alcohol, 

E,  It  does  not  weigh  two  ounces  now ;  consequently,  the  fluid 
does  not  weigh  an  ounce.  The  alcohol  is,  then,  lighter  than  the 
water. 

F,  By  these  means,  which  you  cannot  fail  of  understanding,  we 
have  obtained  the  comparative  weights  of  three  fluids :  philoso- 
phers, as  I  have  before  told  you,  call  these  comparative  weights 
the  specific  gravities  of  the  fluids :  they  have  agreed  also  to  make 
pure  distilled  water  the  standard  to  wnich  they  refer  the  compa- 
rative weights  of  all  other  bodies,  whether  solid  or  fluid. 

C,  Is  there  any  particular  reason  why  they  prefer  water  to 
eveiy  other  substance  ? 

F.  I  told  you  a  few  days  ago,  that  distilled  water,  if  very 
pure,  is  of  the  same  weight  in  all  parts  of  the  world ;  and,  what 
IS  very  remarkable,  a  cubic  foot  of  it  weighs  exactly  a  thousand 
ounces  avoirdupois:  on  these  accounts  it  is  admirably  adapted 
for  a  standard,  because  you  can  at  once  tell  the  weight  of  a 
cubic  foot  of  any  other  substance,  if  you  know  its  specific 
gravity. 

E,  Then  a  cubic  foot  of  quicksilver  weighs  nearly  14,000 
ounces. 

F.  Yes ;  it  will  weigh  13,596  ounces  ;  and  a  cubic  foot  of  lead 
will  weigh  1 1 , 3  50  ounces. 
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CONVERSATION  XI. 

Of  the  Specfic  Gravities  of  Bodies, 

F.  You  now  understand  that  the  specific  gravities  of  different 
bodies  depend  upon  their  density,  and  that  water  is  made  use 
of  as  a  medium  to  discover  the  different  specific  gravities  of 
different  bodies ;  and  also  as  a  standard,  to  which  they  may  be  all 
referred.  ^      ^     ■ 

Here  are  three  pieces  of  different  kinds  of  wood,  which  I  will 
put  into  this  vessel  of  water :  one  sinks  to  the  bottom  ;  a  second 
remains  in  any  position  of  the  water  in  which  it  is  placed  ;  and  the 
third  swims  on  the  water  with  more  than  half  of  the  substance 
above  its  surface. 

C.  The  first,  then,  is  heavier  than  the  water;  the  second  is 
of  the  same  weight  with  an  equal  bulk  of  the  fluid ;  and  the  third 
is  lighter. 

J*.  Since  fluids  press  in  all  directions,  a  solid  that  is  immersed 
in  water  sustains  a  pressure  on  all  sides,  which  is  increased  in 
proportion  to  the  height  of  the  fluid  above  the  solid. 

E.  That  seems  natural,  but  an  experiment  would  fix  it 
better  in  the  mind. 

F,  Tie  a  leathern  bag  to  the  end  of  a  glass  tube,  and 
pour  in  some  quicksilver.  Dip  the  bag  in  water,  and  the 
upward  pressure  of  the  fluid  will  raise  the  quicksilver  in 
the  tube,  the  ascent  of  which  will  be  higher  or  lower  in 
proportion  to  the  height  of  the  water  above  the  bag. 

F.  I  now  understand  that,  the  upper  part  of  the  tube 
Fig.  16.  being  empty,  or,  at  least,  only  filled  with  air,  the  upward 
pressure  of  the  water  against  the  bag  must  be  greater  than  the 
downward  pressure  of  the  air ;  and  that,  as  the  pressure  increases 
according  to  the  depth,  therefore  the  mercury  must  keep  rising  in 
the  tube. 

What  is  the  reason  that  a  body  heavier  than  water,  as  a  stone, 
sinks  to  the  bottom,  if  the  pressure  upwards  is  always  equal  to  that 
downwards  ? 

F.  This  is  a  very  proper  question.  The  stone  endeavours  to 
descend  by  the  force  of  gravity ;  but  it  cannot  descend  without 
moving  away  as  much  of  the  water  as  is  equal  to  the  bulk  of  the 
stone ;  therefore  it  is  resisted,  or  pressed  upwards,  by  a  force  equal 
to  the  weight  of  as  much  water  as  is  equal  in  magnitude  to  the 
bulk  of  the  stone ;  but  the  weight  of  the  water  is  less  than  that  of 
the  stone,  consequently  the  force  pressing  against  it  upwards  is  less 
than  its  tendency  downwards,  and  therefore  it  wiU  sink  with  the 
difference  of  these  two  forces. 
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You  wiU  now  be  at  no  loss  to  understand  the  reason  why  bodies 
lighter  than  water  swim. 

C.  The  water  bein^  heavier,  the  force  upwards  is  greater  than 
the  natural  gravity  ot  the  body,  and  it  will  be  buoyed  up  by  the 
difference  of  the  forces. 

F,  Bodies  of  this  kind,  then,  will  sink  in  water,  till  so  much  of 
them  is  below  the  surface,  that  a  bulk  of  water,  equal  to  the  bulk 
of  the  part  of  the  body  below  the  surface,  is  of  a  weight  equal  to 
the  weight  of  the  whole  body. 

E.  Will  you  explain  this  more  particularly  ? 

F.  Suppose  the  body  to  be  a  piece  of  wood,  part  of  which  will 
be  above,  and  part  below  the  surface  of  the  water :  in  this  state 
conceive  the  wood  to  be  frozen  into  the  water. 

C,  I  understand  you ;  if  the  wood  be  taken  out  of  the  ice,  a 
vacuity  will  be  left,  and  the  quantity  of  water  that  is  required  to 
fill  that  vacuity  will  weigh  as  much  as  the  whole  substance  of  the 
wood. 

F.  That  was  what  I  meant  to  have  said. 

There  is  one  case  remaining :  where  equal  bulks  of  the  water 
and  the  wood  are  of  the  same  weight,  the  force  with 
which  the  wood  endeavours  to  descend,  and  the 
force  that  opposes  it,  being  equal  to  one  another, 
and  acting  in  contrary  directions,  the  body  will  rest 
between  them,  so  as  neither  to  sink  by  its  own 
weight,  nor  to  ascend  by  the  upward  pressure  of  the 
water. 

E,  What  is  the  meaning  of  this  glass  jar  with  the 
images  in  it  ? 

F.  I  placed  it  on  the  table  in  order  to  illustrate 
our  subject  to-day.  You  observe  that,  by  pressing 
the  bladder  with  my  hand,  the  three  images  all  sink. 

E,  But  not  at  the  same  moment.  ^'  ^^* 

F,  Tiie  images  are  made  of  glass,  and,  in  consequence  of  the  air 
they  contain,  are  about  the  same  specific  gravity  as  the  water  sur- 
rounding them,  or  perhap  rather  less  than  it,  and  consequently 
they  all  float  near  the  surface.  They  are  hollow,  with  little  holes 
in  the  feet.  When  the  air,  which  lies  between  the  bladder  and 
the  surface  of  the  water,  is  pressed  by  my  hand,  there  is  a  pressure 
on  the  water  which  is  communicated  through  it,  and  that  part  of  it 
which  lies  contiguous  to  the  feet  of  the  images  will  be  forced  into 
their  bodies,  by  which  their  weight  is  so  much  increased  as  to 
render  them  heavier  than  the  water,  and  they  descend. 

C,  Why  do  they  not  all  descend  to  the  same  depths  ? 
F,  Because  the  hollow  part  of  the  image  b  is  larger  than  the 
hollow  part  of  d,  and  that  is  larger  than  that  of  c ;  consequently 
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the  same  pressure  will  force  more  water  into  e  than  into  d,  and 
more  into  d  than  into  c. 

E.  Why  do  they  begin  to  ascend  now  you  have  taken  your 
hand  away  ? 

F.  I  said  the  hollow  parts  of  the  images  were  full  of  air,  which, 
as  it  could  not  escape,  was  compressed  into  a  smaller  space  when 
the  water  was  forced  in  by  the  pressure  upon  the  bladder.  But  as 
soon  as  the  pressure  is  remov^,  the  air  in  the  images  expands, 
drives  out  the  water,  and  they  become  as  light  as  at  first,  and  will 
therefore  rise  to  the  surface. 

C,  The  images,  in  rising  up  to  the  surface,  turned  round. 

F,  This  circular  motion  is  owing  to  the  hole  being  on  one  side  ; 
and  when  the  pressure  is  taken  off,  the  water  issuing  out  quickly 
is  resisted  by  the  water  in  the  vessel,  and  the  reaction  being 
exerted  on  one  foot,  turns  the  figure  round. 


CONVERSATION  XII. 

Of  the  Methods  of  finding  the  Specific  Gravity  of  Bodies, 

E,  What  are  you  going  to  weigh  with  these  scales  ? 

F.    This    instrument    is 

called  the  hydrostatical  ba- 
lance; it  differs  but  little 
from  the  balance  in  common 
use.  Some  instruments  of 
this  kind  are  more  compli- 
cated, but  the  most  simple 
are  best  adapted  to  my  pur- 
pose. 

To  the  beam  two  scale- 
pans  are  adjusted,  which 
may  be  taken  off  at  plea- 
sure. There  is  also  another 
pan  of  equal   weight  with 

one  of  the  others,  furnished  with  shorter  strings  and  a  small  hook, 

so  that  any  body  may  be  hung  to  it,  and  then  immersed  in  the 

vessel  of  water  b. 

C,  Is  it  by  means  of  this  instrument  that  you  find  the  specific 

gravity  of  different  bodies  ? 

F,  It  is :  I  will  first  give  you  the  rule,  and  then  illustrate  it  by 
experiments.     The  rule  should  be  committed  to  memory. 

"  Weigh  the  body  first  in  air,  that  is,  in  the  common  method ; 
then  weigh  it  in  water ;  observe  how  much  weight  it  loses  by 
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being  weighed  in  water ;  and  by  dividing  the  former  weight  by 
the  loss  sustained,  the  result  is  its  specific  gravity,  compared  with 
that  of  the, water." 

I  will  give  you  an  example.  I  take  a  Queen  Victoria  sove- 
reign from  my  purse :  it  happens  to  be  a  little  worn ;  but  never 
mind,  it  will  do.  I  suspend  it  by  a  hair  to  the  hook  at  the  bottom 
of  the  pan,  and  find  it  weighs  122f  grs.  We  will  now  place  a 
tumbler  beneath,  so  that  it  hangs  withinside  the  tumbler,  and 
carefully  pour  in  water,  till  it  is  submerged.  I  now  find  it  lighter, 
and  must  remove  7  grains  to  make  it  balance ;  it  weighs  only 
1151  grs. 

C,  Then  if  I  divide  122i  by  7,  I  have  little  more  than  17J  for 
the  specific  gravity. 

E.  Then  that  sovereign  is  about  17^  times  heavier  than  water. 

F.  Had  our  sovereign  been  new,  it  would  have  weighed 
123*274  grs.,  or  a  little  more  than  123 J  ;  and  had  we  weighed  to 
tenths  instead  of  to  quarters  of  a  grain,  we  should  have  found  it 
had  lost  7*18  grs.,  and  that  its  specific  gravity  was  17*157,  or 
nearly  17}. 

E.  I  do  not  understand  the  reason  of  all  this. 

F,  In  this  scale  is  a  basin  filled  accurately  to  the  brim  with 
water.  I  will  put  a  piece  of  mahogany  into  it  very  gently ;  any- 
thing else  would  answer  the  same  purpose. 

E.  The  water  runs  over  into  the  scale. 

jP.  So  I  expected  it  would:  now  everything  is  at  rest,  and 
the  basin  is  just  as  full  as  it  was  at  first,  only  that  the  wood  and 
water  together  fill  the  basin,  whereas  it  was  all  water  before.  I 
will  take  away  the  basin,  and  put  the  mahogany  by  itself  into  the 
other  scale. 

E.  It  balances  the  water  that  ran  out  of  the  basin. 

C.  The  mahogany  then  displaced  a  quantity  of  water  equal  to 
itself  in  weight. 

F,  And  so  did  the  sovereign  just  now ;  and  if  you  had  taken 
the  same  precaution,  you  would  have  found  that  the  quantity  of 
water,  equal  in  bulk  to  the  sovereign,  weighed  7  grains,  the  weight 
which  it  lost  by  being  weighed  in  the  fluid. 

E,  Am  I  to  understand,  that  what  any  substance  loses  of  its 
weight,  by  being  immersed  in  water,  is  equal  to  the  weight  of  a 
quanti^  of  water  of  the  same  bulk  as  the  substance  itself? 

F,  This  is  true,  if  the  body  be  wholly  immersed  in  water  ;  and 
with  regard  to  all  substances  that  are  specifically  heavier  than 
water,  you  may  take  it  as  an  axiom,  that  *' every  body,  when 
immersed  in  water,  loses  as  much  of  its  weight  as  is  equal  to  the 
weight  of  a  bulk  of  water  of  the  same  magnitude." 

I  will  now  place  this  empty  box  in  the  basin  ^Wed  to  XVi*^  ^^%^ 
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with  water,  and,  as  before,  it  drives  over  a  quantity  of  the  fluid 
equal  in  weight  to  itself.  Put  in  two  penny-pieces,  and  you  per- 
ceive the  box  sinks  deeper  into  the  water.  , 

(7.  And  they  drive  more  water  over  :  as  much,  I  suppose,  as  is 
equal  in  weight  to  the  copper  coin. 

F,  Right :  how  long  could  you  go  on  loading  the  box  ? 

C.  Till  the  weight  of  the  copper  and  box,  taken  together,  is 
something  greater  than  the  weight  of  as  much  water  as  is  equal  in 
bulk  to  the  box. 

F,  You  understand,  then,  the  reason  why  boats,  barges,  and 
other  vessels,  swim  on  water ;  and  to  what  extent  you  may  load 
them  with  safety. 

E.  They  will  swim  so  long  as  the  weight  of  the  vessel  and  its 
lading  together  is  less  than  that  of  a  quantity  of  water  equal  in 
bulk  to  the  vessel. 

F,  Can  you,  Charles,  devise  any  method  to  make  iron  or  lead 
swim,  which  are  so  much  heavier  than  water  ? 

C,  I  think  I  can.  If  the  metal  be  beat  out  very  thin,  and  the 
edges  turned  up,  I  can  easily  conceive  that  a  box  or  a  boat  of  it 
may  be  made  to  swim. 

E,  I  have  often  wondered  how  the  ball  in  the  cistern  acts. 

F.  The  ball,  though  made  of  copper,  which  is  eight  or  nine 
times  heavier  than  water,  is  beat  out  so  thin,  that  its  bulk  is  much 
lighter  than  an  equal  bulk  of  water.  By  means  of  a  handle  it  is 
fastened  to  the  cock,  through  which  the  water  flows,  and  as  it  sinks 
or  rises,  it  opens  or  shuts  the  cock. 

If  the  cistern  is  empty,  the  baU  hangs  down  and  the  cock  is 
open,  to  admit  the  water  freely.  As  the  water  rises  in  the  cistern 
it  reaches  the  ball,  which,  being  lighter  than  the  water,  rises  with 
it,  and,  by  rising  gradually,  shuts  the  cock,  and  if  it  be  properly 
placed,  it  is  contrived  to  shut  the  cock  just  at  the  moment  that 
the  cistern  is  full. 

In  the  same  way  that  these  balls  are  made,  boats  of  iron  are 
now  constructed.  They  will  last  longer  than  wood,  and  cause  less 
friction  in  passing  through  the  water. 

Iron  vessels  are  very  frequently  constructed  now  :  many  small 
ones  are  well  known  on  the  Thames  ;  some  of  a  larger  class  voyage 
from  Folkstone  and  Dover  to  Boulogne  and  Calais  respectively ; 
but  the  largest  that  has  been  constructed  is  the  Great  Eastern,  or 
Leviathan,  which  has  once  made  the  voyage  to  America. 

Can  you,  Emma,  find  the  specific  gravity  of  this  piece  of  silver  ? 

E,  It  weighs  in  air  318  grains.  I  now  fasten  it  to  the  hook 
with  the  horsehidr,  and  it  weighs  in  water  288  grains,  which 
taken  from  318,  leave  30,  the  weight  it  lost  in  water.  By 
dividing  318  by  30,  the  quotient  is  about  10};    consequently, 
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the  specific  gravity  of  the  silver  is  ten  and  a  half  times  greater 
than  that  of  water. 

F,  What  is  the  specific  gravity  of  this  piece  of  flint-glass  ?  It 
weighs  12  pennyweights  in  air. 

C.  And  in  water  it  weighs  only  8,  and  consequently  loses  4 
by  immersion ;  and  12  divided  by  4  ^ves  3  ;  therefore  the  specific 
gravity  of  flint-glass  is  three  times  greater  than  that  of  water. 

F.  This  is  not  the  case  with  all  flint-glass ;  it  varies  from  2  to 
almost  4. 

Here  is  an  ounce  of  quicksilver;  let  me  know  its 
specific  gravity  by  the  method  now  proposed. 

E,  How  will  you  manage  that?  you  cannot  hang  it 
upon  the  balance. 

F,  But  you  may  suspend  this  glass  bucket  on  this 
hook;  immerse  it  in  me  wsiter,  and  then  balance  it 
exactly  with  weights  in  the  opposite  scale. 

I  will  now  put  into  the  bucket  the  ounce  or  480 
grains  of  quicksilver,  and  see  how  much  it  loses  in 
water. 

C,  It  weighs  445  grains,  and  consequently  it  lost  35 
grains  by  immersion;    and   480  divided   by   35  give 
almost  14,  so  that  mercury  is  nearly  14  times  heavier    ^*8«  i9. 
than  water. 

F.  In  the  same  manner  we  obtain  the  specific  gravity  of  all 
bodies  that  consist  of  small  fragments.  They  must  be  put  into  the 
glass  bucket  and  weighed ;  and  then,  if  from  the  weight  of  the 
bucket  and  body  in  the  fluid  you  subtract  the  weight  of  the  bucket, 
there  remains  the  weight  of  the  body  in  the  fluid. 

E,  Why  do  you  make  use  of  horsehair  to  suspend  the  sub- 
stances with  ?  would  not  silk  or  thread  do  as  well  ? 

F,  Horsehair  is  by  much  the  best,  for  it  is  very  nearly  of  the 
same  specific  gravity  as  water ;  and  its  substance  is  of  such  a 
nature  as  not  to  imbibe  moisture. 


CONVERSATION  XIH. 

Of  the  Methods  of  finding  the  Specific  Gravities  of  Bodies, 

C,  How  am  I  to  find  out  the  specific  gravity  of  this  piece  of 
beech-wood  ?  it  will  not  sink  in  the  water. 

F,  A  little  consideration  will  show  you  how  to  contrive  means 
to  nnk  the  beech,  by  joining  a  piece  of  lead  or  other  metal  to  it, 
finr  instance.    It  weighs  660  g^ins ;  I  will  fix  to  it  an  ounce  ^t 
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480  grains  of  tin,  which  I  know  in  water  loses  of  its  weight  51 
grains.  In  air,  therefore,  the  weight  of  the  wood  and  metal  taken 
together  is  1140  grains ;  but  in  water  you  see  they  weigh  but  138 
grains:  138  taken  from  1140  leave  1002,  the  difierence  between 
the  weights  in  air  and  in  water. 

C.  I  now  see  the  mode  of  finding  what  I  want.  The  whole 
mass  loses  1002  grains  by  immersion ;  and  the  tin  by  itself  lost 
in  water  51  grains  ;  therefore  the  wood  lost  951  grains  of  its 
weight  by  immersion ;  and  660  grains,  the  weight  of  the  beech  in 
air,  divided  by  951,  which  it  may  be  said  to  lose  by  immersion, 
leaves  in  decimals  for  a  quotient  '694. 

F,  Then  making  water  the  standard,  equal  to  1,  the  beech  is 
'694,  or  nearly  -j^ths  of  1 ;  that  is  the  specific  gravity  of  a  cubic 
foot  of  water  is  to  that  of  a  cubic  foot  of  beech  as  1000  to  694 ; 
for  the  one  weighs  1000  ounces,  and  the  other  694  ounces. 

E,  It  seems  odd  how  a  piece  of  wood  that  weighs  about  660 
grains  in  air,  should  lose  of  its  weight  951  grains. 

F,  You  must  in  this  case,  consider  the  weight  necessary  to 
make  it  sink  in  water,  which  must  be  added  to  the  weight  of  the 
wood. 

I  will  now  endeavour  to  make  this  subject  easier  by  a  difierent 
method. 

This  small  piece  of  elm  a,  I  will  place  between 
the  tongs   that  are  nicely   balanced  on  the  beam. 
The  elm  weighs  36  grains.      To  detain  it  under 
water  I  must  hang  24  grains  to  the  end  of  the  lever 
on  which  the  tongs  are  fixed ;  then,  by  the  Rule  of 
Three,  I  say,  as  the  specific  gravity  of  the  elm  is  to 
the  specific  gravity  of  the  water,  so  is  36,  the  weight 
of  the  elm,  to  60,  the  weight  of  the  elm  aod  the  ad- 
Fig.  20.       ditional  weight  required  to  sink  it  in  water,  or  as 
60 :  36,  so  is  the  specific  gravity  of  the  water  to  the  spedfic 
gravity  of  the  elm. 

E.  You  have  not  obtained  the  specific  gravity  of  the  elm,  but  a 
proportion  only. 

b.  But  three  terms  are  given,  because  the  water  is  always  con^ 
sidered  as  unity  or  1,  therefore  the  specific  gravity  of  the  elm  is 
36x1       ^ 

-60~=-« 

E,  I  do  not  yet  comprehend  the  reason  of  the  proportion  as- 
sumed. 

F.  It  is  very  simple.  The  elm  is  lighter  than  the  water,  but 
by  hanging  weights  to  the  side  of  the  balance,  to  which  it  is  attached, 
in  order  to  detain  it  just  under  water,  I  make  the  whole  exactly 
equal  to  the  specific  gravity  of  the  water ;  by  this  means  it  is  evi- 
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dent  that  the  comparative  gravity  of  the  ehn  is  to  that  of  the 
ivater  as  36  to  60. 

Try  this  piece  of  cork  in  the  same  manner. 

E,  It  weighs  ^  an  ounce,  or  240  grains,  in  air  ;  and  to  detain 
the  cork  and  tongs  just  under  v«rater,  I  am  obliged  to  hang  2 
ounces,  or  960  grains,  of  lead  on  the  lever ;  therefore  the  spe- 
cific gravity  of  the  cork  is  to  that  of  the  v^ater  as  240  is  to  1200  ; 
and  240  divided  by  1200  gives  the  decimal  '2. 

F.  Then  the  specific  gravity  of  water  is  5  times  greater  than 
that  of  cork. 

O.  We  have  accordingly  obtained  the  specific  gravities  of 
water,  beech,  elm,  and  cork  which  are  as  1,  '7  nearly,  '6,  and  '2. 

F,  You  now  understand  the  methods  of  obtaining  the  specific 
graTity  of  all  solids,  whether  lighter  or  heavier  than  water.  In 
making  experiments  upon  light  and  porous  woods  the  operations 
must  be  performed  as  quickly  as  possible,  to  prevent  tne  water 
firom  getting  into  the  pores. 

C.  And  you  have  likewise  shown  us  a  method  of  getting  the 
speinfic  gravities  of  fluids,  by  weighing  certain  quantities  of  each. 

F,  I  have  a  still  better  method  ;  the  rule  I  will  give  in  words : 
yoo  shaU  illustrate  it  by  examples. 

"  If  the  same  body  be  weighed  in  different  fluids,  the  specific 
gravity  of  the  fluids  will  be  as  the  weights  lost." 

a.  The  body  made  use  of  must  be  heavier  than  the  fluids. 

jP.  Certainly :  this  glass  ball  loses  of  its  weight,  bv  immersion 

in  water,  803  grains ;  in  milk  it  loses  831  grains ;  therefore  the 

specific  gravity  of  water  is  to  that  milk  as  803  to  831.     Now 

a  cubical  foot  of  water  weighs  1000  ounces  :  what  will  be  the 

weight  of  the  same  quantity  of  milk  ? 

1000  X  831 
JE.  As  803 :  831 : :  1000 : ^ =  1035  ounces  nearly. 

I*.  Do  you,  Charles,  tell  me  what  is  the  specific  gravity  of 
some  spirits  of  wine  which  I  have  in  this  phial. 

C,  The  glass  loses  in  water  803  grains,  in  the  spirits  of  wine 
it  loses  699  grains,  therefore  the  specific  gravity  of  water  is  to 
the  spirit  is  803  as  to  699 ;  and  to  find  the  weight  of  a  cubical  foot 
of  th^  spirit,  I  say,  as 

1000  X  699 
803  :  699 : :  1000 : s6s~^  ~  ^^^  ounces. 

There  is  another  very  elegant  method.  A  very  thin  glass 
bottle  is  prepared,  and  into  it  is  poured  exactly  1000  grains  of 
cUstilled  water,  and  the  height  it  reaches  is  marked  on  the  neck ; 
a  pece  of  lead  is  made  to  counterpoise  the  bottle,  when  thus 
filled.  If  the  bottle  is  now  filled  up  to  the  mark  with  any  other 
liquid  heavier  than  water,  the  number  of  extra  grains  added  ^f^ 
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1000  gives  the  specific  gravity  of  the  liquid  ;  for  instance,  if  sul- 
phuric acid  were  weighed,  it  would  require  S45  additional  graias, 
80  that  its  specific  gravity  would  be  1845.  For  lighter  liquids,  as 
alcohol,  &c,t  the  weights  must  be  put  in  with  the  bottle,  and  sub- 
tracted from  a  thousand.  If  alcohol  were  weighed,  about  200 
grains  must  be  added,  which  will  make  its  specific  gravity  800. 

F.  You  may  now  deduce  the  method  of  comparing  the  specific 
gravities  of  solids  one  with  another  without  making  a  common 
standard. 

Here  is  an  ounce  of  lead  and  another  of  tin :  I  may  weigh  them 
in  any  fluid  whatever :  in  water  the  lead  loses  by  immersion  42 
grains,  and  the  tin  63  grains. 

JS.  Is  the  specific  gravity  of  the  lead  to  that  of  the  tin  as  42 
to  63? 

F,  No :  *'  the  specific  gravities  of  bodies  are  to  one  another 
inversely  as  the  losses  of  weight  sustained :"  therefore  the  specific 
gravity  of  the  lead  is  to  that  of  the  tin  as  63  to  42 ;  or,  if  a  block 
of  lead  weighs  63  pounds,  the  same  sized  block  of  tin  will  weigh 
42  pounds  only. 

O,  I  think  I  see  the  reason  of  this :  the  heavier  the  body,  the 
less  in  proportion  it  loses  of  its  weight  by  immersion  ;  therefore, 
of  two  bodies  whose  absolute  weights  are  the  same,  that  is,  each 
weighing  an  ounce,  pound,  &c.,  the  one  which  loses  least  of  its 
weight  will  be  specincally  the  heaviest. 

F.  You  are  right ;  for  the  specific  gravity  of  bodies  is  as  their 
density,  and  their  densities  are  inversely  as  the  weights  they  lose 
by  immersion  ;  that  is,  the  body  which  is  most  dense  will  lose  the 
least  in  water. 

E,  Why  does  ihe  more  dense  body  lose  less  of  its  weight  when 
immersed  in  water  ? 

F,  Because  it  displaces  the  least  quantity  of  water :  thus  an  ounce 
of  copper  would  occupy  seven  or  eight  times  less  space  than  an 
ounce  of  wood ;  and  would  of  course  displace  seven  or  eight  times 
less  water. 


CONVERSATION  XIV. 

0/  the  Methods  of  obtaining  the  Specific  Gravity  of  Bodies, 

E,  To  whom  are  we  indebted  for  the  discovery  of  the  mode  of 
performing  these  operations  ? 

F,  To  that  most  celebrated  mathematician  of  antiquity,  Archi- 
medes. 

C,  Was  he  not  slain  by  a  common  soldier  at  the  si^ge  of  Syra- 
cuse? 
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F,  He  was,  to  the  great  grief  of  Marcellus,  the  Roman  com- 
mander, who  bad  ordered  that  his  house  and  person  should  be  re- 
spected ;  but,  as  Livy  says,  he  was  slain  by  a  soldier,  not  know- 
ing who  he  was,  while  he  was  describing  mathematical  diagrams 
on  the  ground ;  that  the  Roman  commander  gave  him  a  magni- 
ficent mneral,  and  made  his  name  a  protection  and  honour  to  those 
who  could  claim  a  relationship  to  him.  The  death  of  Archi- 
medes happened  more  than  200  years  before  the  birth  of  Christ. 
His  celebrity  was  so  great  among  the  literati  of  Rome,  that  his 
tragical  end  caused  more  real  sorrow  than  the  capture  of  the 
whole  island  of  Sicily  did  joy. 

We  are  informed  by  history,  that  it  was  by  the  wisdom  of  Ar- 
chimedes that  the  fate  of  Syracuse  was  long  suspended  :  by  his 
inventions,  multitudes  of  the  Roman  army  were  killed,  and  their 
ships  destroyed ;  and  it  is  added,  that  he  made  use  of  burning 
glasses,  which,  at  the  distance  of  some  hundreds  of  yards,  set  the 
Boman  vessels  on  fire. 

But  to  return  to  our  subject.  To  Archimedes,  the  world  is  in- 
debted for  the  discovery,  "  That  every  body  heavier  than  its  bulk 
of  water  loses  so  much  of  its  weight  by  being  suspended  in  water, 
as  is  equal  to  the  weight  of  a  quantity  of  water  equal  to  its  bulk." 

E,  How  did  he  m^e  the  discovery  ? 

F,  Hiero,  king  of  Syracuse,  had  given  to  a  jeweller  a  certain 
quantity  of  pure  gold,  to  make  a  crown  for  him.  The  monarch, 
when  he  saw  the  crown,  suspected  the  artist  had  kept  back  part 
of  the  gold. 

E,  Why  did  he  not  weigh  it  ? 

F,  He  did,  and  found  the  weight  right :  but  he  suspected  per- 
haps from  the  colour  of  the  crown,  that  some  baser  metal  had  been 
mixed  with  the  gold,  and  therefore,  though  he  had  his  weight,  yet 
only  a  part  of  it  was  gold,  the  rest  was  silver  or  copper.  He  applied 
to  Archimedes  to  investigate  the  fraud. 

C,  Did  he  melt  the  crown,  and  endeavour  to  separate  the 
metals? 

F,  That  would  not  have  answered  Hiero's  intentions:  his 
object  was  to  detect  the  roguery,  if  any,  without  destroying  the 
workmanship.  While  the  philosopher  was  intent  upon  the  pro- 
blem, he  went,  according  to  his  custom,  into  the  bath,  and  he 
observe  that  a  quantity  of  water  flowed  over,  which  he  thought 
must  be  equal  to  the  bulk  of  his  own  body.  He  instantly  saw 
the  solution  of  Hiero's  problem.  In  raptures  at  the  discovery 
he  18  said  to  have  leaped  from  the  water,  and  run  naked  througn 
the  streets  of  the  city,  shouting  aloud  Ev/iiyica  /  £vpi7«ea  /  '^  I  have 
foand  it  oul  I  I  have  found  it  out  ?" 

When  the  excess  of  his  joy  was  abated,  he  took  two  maa«A&^ 
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one  of  gold,  and  the  other  of  silver,  each  equal  in  weight  to  the 
crown,  and  having  filled  a  vessel  very  accurately  with  water,  into 
which  he  first  dipped  the  silver  mass,  and  observed  the  quantity 
of  water  that  flowed  over,  he  then  did  the  same  with  the  gold,  and 
found  that  a  less  quantity  of  water  had  flowed  over  than  before.  • 

(7.  And  he  was,  from  these  trials,  led  to  conclude,  that  the  bulk 
of  the  silver  was  greater  than  that  of  the  gold  ? 

F^  He  was ;  and  also  the  bulk  of  water  displaced  was,  in  each 
experiment,  equal  to  the  bulk  of  the  metal.  He  then  made  the 
same  trial  with  the  crown,  and  found  that  though  of  the  same 
weight  with  the  masses  of  silver  and  gold,  yet  it  displaced  more 
water  than  the  gold,  and  less  than  the  silver. 

E.  Accordingly  he  concluded,  I  imagine,  that  it  was  neither 
pure  gold  nor  pure  silver. 

C,  But  how  could  he  discover  the  proportions  of  each  metal  ? 

F.  According  to  Vitruvius,  Hiero's  crown  weighed  20  lbs.,  and 
lost  IJ  lb.  (nearly)  in  water. 

Suppose  it  consisted  of  gold  and  silver  only,  aijd  that  19*64  lbs. , 
gold  lose  1  lb.  in  water,  and  that  10*5  lbs.  silver  lose  in  like  man- 
ner 1  lb. :  find  the  quantity  of  gold  and  silver  in  the  crown. 

Answer.        x  =  the  lbs.  of  gold  in  the  crown 

.  •  •         20  —  X  =  the  lbs.  of  silver  in  the  crown. 

Hence  we  immediately  have 

X^  20-35  _ 

And  solving  this  equation,  we  have 


X 

and  20 — x 


=  14*77  lbs.  of  gold  in  crown  1     a 

=  5*22  lbs.  of  sUver  m  do.       J  ^^^swer. 


CONVERSATION  XV. 

On  the  Method  of  ohtaining  the  Specific  Gravity  of  Bodies. — 

TaUe  of  Specific  Oravities, 

F.  Before  we  converse  on  the  subject  of  alloys,  I  must  not 
omit  to  tell  you  that  metals  are  rarely  mixed  or  alloyed  without 
the  compounds  taking  to  themselves  a  new  specific  gravity,  dhSSer- 
ing  from  that  which  would  have  been  deduced  by  calculation  from 
the  relative  proportions  of  each  metal.  For  instance,  the  alloys 
of  gold  with  zinc^  tin,  hismuthy  or  antimony,  have  a  greater  spe- 
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cific  gravity  than  the  mean  of  the  metals  forming  the  alloy  ;  the 
alloys  of  gold  withsi7ver,  iron,  lead,  or  copper,  have  a  less  spe- 
cific gravity  than  would  be  given  by  calculation.  As  an  example, 
the  true  specific  gravity  of  standard  gold,  which  contains  11  parts 
gold  and  1  part  copper,  is  17*157  ;  its  calculated  specific  gravity 
is  17*68. 

C,  If  you  are  good  enough  to  tell  me  how  you  calculate  the 
specific  gravity  of  the  alloy  called  standard  gold,  I  shall  be  able 
to  calculate  other  mixtures  and  alloys. 

F,  Let  the  mass  of  standard  gold  consist  of  1200  grains,  of 
which  1100  will  be  gold  and  100  copper.  Divide  the  1100 
grains  of  gold  by  19'26,  which  is  the  specific  gravity  of  ca§t  gold, 
and  you  obtain  57*11  grains,  lost  by  the  gold  in  water.  Divide 
the  100  grains  of  copper  by  8*85,  the  specific  gravity  of  cast  cop- 
per, and  you  obtain  11*29  grairis,  lost  by  the  copper  in  water. 

C.  I  can  now  go  on.  I  add  the  two  losses  together,  and  obtain 
68*4  grains  lost  by  the  gold  and  copper  together.  And  as  they 
weigh  in  all  1200  grains  I  divide  this  by  68*4,  and  obtain  17*68, 
the  specific  gravity  you  have  given  us. 

F,  Bearing  in  mind  therefore  the  facts,  that  alloys  have  a  den- 
sity either  greater  or  less  than  would  accurately  represent  the 
proportions  of  the  constituent  metals,  you  will  understand  that, 
although  the  specific  gravity  will  give  a  very  close  approximation 
to  the  amount  of  inferior  metal,  mixed  with  gold  or  silver  in  base 
coin,  yet  it  will  not  give  you  a  philosophically  true  result. 

C.  Since  we  last  met,  I  have  weighed  the  bad  sovereign  that 
mamma  took  in  change  last  winter,  and  find  it  loses  8  grains  in 
water.  Presuming  it  to  be  adulterated  with  silver,  as  our  tutor 
suspects,  how  am  I  to  discover  how  much  silver  is  there  in  place 
of  gold  ?    It  weighs  in  air  123*274  grains. 

F,  The  rule  is  this : — "  Find  what  a  good  sovereign  would  lose 
in  water;  find  what  an  equal  weight  of  silver  would  lose  in 
water  ;  subtract  the  former  from  the  grains  lost  by  the  base  sove- 
reign, which  will  give  the  ratio  or  proportion  of  the  silver ;  sub- 
tract the  loss  of  the  base  coin  from  the  loss  of  the  silver  mass, 
which  gives  the  ratio  or  proportion  of  gold,^* 

C.  In  our  last  conversation,  we  found  that  a  good  sovereign 
lost  7*18  grains.  I  have  already  said  the  base  coin  lost  8  grains  ; 
and  I  can  easily  find  the  loss  of  a  silver  sovereign  weighing 
123*274  grains,  if  you  will  be  good  enough  to  tell  me  the  specific 
gravity  of  silver. 

F.  I  have  here  a  table  of  specific  gravities,  in  which  you  will 
find  10*3  the  specific  gravity  of  standard  silver. 

a  I  find  that  123*274,  divided  by  10*3,  is  11*96  grains,  the  loss 
in  water  of  the  silver. 
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F,  I  will  put  these  figures  before  you  ia  order,  showing  the 
subtraction  required : — 

Loss  in  water  of  the  base  sovereign         -         8 
„  „  good      „  -         7-18 


Difference  =  proportion  of  silver 
Loss  in  water  of  a  mass  of  silver  -  -       11*96 

base  sovereicm - 


•82 


,,  „  base  sovereign  -  -         8 

Difference  =«  proportion  of  gold  -  3*96 


Sum  of  ratios        -  -  4*78 

J,  But  this  gives  us  only  the  ratio  or  proportion  of  silver  and 
gold,  but  not  the  actual  quantity. 

F.  A  very  simple  rule  of  poportion  will  give  it.  As  the  sum 
of  the  ratios  is  to  either  the  silver  or  the  gold  ratio,  so  is  the  total 
weight  of  the  ccnn  to  the  proportion  of  silver  or  gold. 

G,  I  have  it : — 

As  4*78  :  *82 : :  123*274  ;  21*14grs. 

The  sovereign,  therefore,  contains  21J  grains  of  silver. 

F,  A  shilling  weighs  87*272  grains,  so  that  the  silver  used  for 
adulteration  is  worth  about  3(2. ;  but  as  a  good  sovereign  is 
worth  240c^.  the  gold  is  worth  about  2d.  per  grain,  which  gives 
A2d.  as  the  value  of  the  gold  that  has  been  abstracted :  the  dif- 
ference is  39c?.,  or  38.  M,  So  that  your  mamma's  sovereign  is 
only  worth  16s.  9c2.  Now  suppose  the  sovereign  had  been 
adiuterated  with  copper,  can  you  tell  me,  Charles,  what  it  would 
have  been  worth  ? 

C  By  dividing  123*274  grains  by  8*85,  the  specific  gravity  of 
copper,  I  obtain  13*92  grains.  I  will  now  imitate  your  calcula- 
tion, using  copper  for  silver : — 

Loss  in  water  of  base  sovereign    -  -         8 

„  „        good        „  -  -         7*18 

Diflference  =  proportion  of  copper       «  '82 

Loss  in  water  of  mass  of  copper   -  -       13*92 

„  „        base  sovereign    -  -         8 

6*92 

Sum  of  the  ratios  -  -  -  6*7^ 

I  then  take  the  proportion : — 

As  6*74  :  -82: :  123*274  :  14*9  grs. 
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So  that  about  15  grains  of  copper  are  in  place  of  gold ;  the  sove- 
reign, therefore,  is  worth  2s.  6d,  less,  or  I7s.  6d, 

P.  You  are  right. 

The  following  tables  show  the  specific  gravities  of  various 
bodies,  water  being  taken  as  1. 

Ltquids. 


Sulphuric  ether  - 

-      -716 

Sea  Water    - 

- 

1-026 

Absolute  alcohol 

-      '792 

Nitric  acid   of 

com- 

Naphtha  - 

-      -847 

merce 

- 

1*220 

Essence  of  turpentine 

-      -869 

Sulphuret  of  carbon  - 

1-263 

Olive  oil  - 

-      -915 

Sulphuric    acid, 

con- 

Bordeaux  wine  - 

-      -994 

centrated  - 

- 

1-841 

D18TII4LBD  Water 

-    1-000 

Mercury       - 

- 

13-596 

Woods. 

Lagnum  vitae 

-    1-330 

Elm  - 

- 

•800 

Heart  of  oak 

-    1-170 

Yellow  fir     - 

- 

•657 

Box         -          - 

-      -910 

lime            - 

- 

•604 

Beech     -          -    * 

-      -852 

Cedar 

— 

•561 

Ash        -          - 

-      -846 

Poplar 

- 

•383 

Yew       - 

-      -807 

Cork  - 

- 

-240 

Metals. 

Antimony 

-     6'720 

Standard  silver  (11 '1 

Zinc 

-     7-190 

silver  -|-  *9  copper) 

10-300 

Cast-iron 

-     7-200 

Cast  silver    - 

- 

10-470 

Tin       -          - 

-     7-291 

Lead- 

- 

11-350 

Iron 

-     7-788 

Mercury 

- 

13-596 

Steel     - 

-     7-810 

Standard  gold  (11  gold 

Manganese       - 

-      8010 

+  1  copper) 

- 

17-157 

Cast  copper 

-      8-850 

Cast  gold 

• 

19-260 

Rolled  copper  - 

-      8-950 

Forgea  gold  - 

- 

19-360 

Bismuth 

-      9*822 

Platinum 

- 

21-150 

Osmium* 

- 

21^400 

SinmBiES. 

Pine  charcoal 

-      -333 

Sulphur 

- 

2-085 

Oak        „          - 

-      -421 

Salt     - 

- 

2-100 

Walnut  „ 

-      -625 

Sevres  porcelain 

- 

2-310 

Ice 

-      -865 

China  porcelain 

- 

2*380 

Amber    - 

-    1-080 

Graphite 

- 

2-500 

Coal        -          - 

-    1-250 

Flint    - 

- 

2-600 

Alum 

-    1-700 

Granite 

- 

2*060 

Saltpetre 

-    1-930 

Coral  - 

- 

2-680 

*  Heaviest  metal  known. 
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SuNDBiES — continued. 

Alabaster      *  -  -  2-700  Marble            -  -  2*720 

Emerald-  -  -  2*700  Iceland  spar   -  -  2*723 

Pearls     -  -  -  2*750  Topaz-           -  -  3*500 

Granite  (dense)  -  -  2*750  Diamond         -  -  3* 500 

Jasper     -  -  -  2 '800  Diamond  (dense)  -  3*530 

Slate        -  -  -  2- 810  Sapphire         -  -  3*990 

Slate  (dense)  -  -  2*850  Garnet  (dense)  -  4*240 

Lime       -  -  -  3'150  Ruby  -           -  -  4-280 

Flint-glass  -  -  3*330  White  lead     -  -  6*300 

Garnet    -  -  -  3*350  Brass  -           -  -  8*300 

Malachite  -  -  3*500  Bronze            -  -  8*950 

Gases,  Aib  being  taken  as  1. 
Hydrogen  -  -      '069    Oxygen  -  -    1*106 

Carburetted  hydrogen  -    ••655    Carbonic  acid  -    1'529 

Air  -  -  _    1*000 

E.  There  is  a  silver  cream-jug  in  the  parlour ;  I  have  heard 
mamma  say,  she  did  not  think  it  was  real  silver :  how  could  she 
find  out  whether  she  has  been  imposed  on  ? 

F,  Go  and  fetch  it.     We  will  now  weigh  it. 

B.  It  weighs  5i  ounces  ;  but  I  must  weigh  it  in  water,  and  it 
has  lost  in  the  water  lOJ  pennyweights ;  and  dividing  5^  ounces, 
or  110  pennyweights,  by  lOJ,  I  get  for  answer  10*7,  the  specific 
gravity  of  the  jug. 

F.  Then  there  is  no  cause  for  complaint,  for  the  specific  gravity 
of  good  wrought  silver  is  s^dom  more  than  this. 


CONVERSATION  XVI. 

0/  tJie  Eydrometer, 

F.  Before  I  describe  the  construction  and  uses  of  the  hydro- 
meter, I  will  show  you  an  experiment  or  two.  You 
know  that  wine  is  specifically  lighter  than  water,  and 
the  lighter  body  will  always  be  uppermost.  I  have 
filled  the  bulb  b  with  port  wine  to  the  top  of  the 
narrow  stem  x,     I  now  fill  A  with  water. 

E.  The  wine  is  gradually  ascending  like  a  fine  red 
thread  through  the  water  to  its  surface. 

F,  And  so  it  will  continue  till  the  water  and  wine 
have  changed  places. 

^     •  CI  wonder  the  two  liquids  do  not  mix,  as  wine 

and  water  do  in  a  common  drinking-glass. 
J^.  It  b  the  narrowness  of  the  stem  x  wMch  prevents  the  ad- 
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mixture  :  in  time,  however,  this  would  be  effected,  because  water 
and  wine  have  what  the  chemists  call  an  attraction  for  each  other. 

Here  is  a  small  bottle  b,  with  a  neck  three  inches  long, 
and  about  one  sixth  of  an  inch  wide ;  it  is  full  of  red  wine. 
I  will  now  place  it  at  the  bottom  of  a  jar  of  water,  a  few 
inches  deeper  than  the  bottle  is  high.  The  wine,  you 
observe,  is  ascending  through  the  water. 

E.  This  is  a  very  pretty  experiment :  the  wine  rises  in 
a  small  column  to  the  surface  of  the  water,  spreading  it-  pj-  22. 
self  over  it  like  a  cloud. 

F,  Now  reverse  the  experiment:  fill  the  bottle  with  water, 
and  plunge  its  neck  quickly  into  a  glass  of  wine  with  its  mouth 
downwards  ;  the  wine  is  taking  the  place  of  the  water. 

C,  Could  you  decant  a  bottle  of  wine  in  this  way  without  turn- 
ing it  up. 

F,  I  could,  if  the  neck  of  the  decanter  were  suflBciently  small. 
The  negroes  in  the  West  Indies  are  said  to  be  well  acquainted 
with  this  part  of  hydrostatics,  and  to  plunder  their  masters  of  rum 
by  filling  a  common  bottle  with  water,  and  plunging  the  neck  of 
it  into  the  bung-hole  of  the  hogshead. 

Upon  the  principle  of  lighter  fluids  keeping  the  uppermost 
parts  of  a  vessel,  several  fluids  may  be  placed  one  upon  another 
in  the  same  vessel  without  mixing ;  thus  in  a  long  upright  jar, 
three  or  four  inches  in  diameter,  I  can  place  water  first,  then  port 
wine,  then  oil,  brandy,  oil  of  turpentine,  and  alcohol. 

C,  How  would  you  pour  them  in  one  upon  another  without 
mixing? 

F,  This  will  require  a  little  dexterity :  when  the  water  is  in,  I 
lay  a  piece  of  very  thin  pasteboard  over  its  surface,  and  then  pour 
in  the  wine ;  after  which  I  take  away  the  pasteboard,  and  proceed 
in  the  same  manner  with  the  rest. 

Take  a  common  goblet  or  drinking-glass,  pour  watiSr  in,  and 
then  lay  a  thin  piece  of  toasted  bread  upon  the  water,  and  you 
may  pour  your  wine  upon  the  bread,  and  the  two  fluids  will 
remain  for  some  time  separate. 

E,  Is  the  toast  placed  merely  to  receive  the  shock  of  the  wine 
when  poured  in  ? 

F,  That  is  the  reason.  I  will  now  proceed  to  explain  the 
principle  of  the  hydrometer ,  an  instrument  contrived  to  ascertain 
with  accuracy  and  expedition  the  specific  gravities  of  different  fluids . 

A  B  is  a  hollow  cylindrical  tube  of  glass,  ivory,  copper,  &c., 
five  or  six  inches  long,  annexed  to  a  hollow  sphere  of  copper  d  : 
to  the  bottom  of  this  is  united  a  smaller  sphere  e,  containing  a 
little  quicksilver,  or  a  few  shot  sufficient  to  poise  the  machine, 
and  make  it  sink  vertically  in  the  fluid. 
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Fig.  23. 


C.  What  are  the  marks  on  the  tube  ? 

F,  They  are  degrees,  exhibiting  the  magnitudes 
of  the  part  below  the  surface,  consequently,  the 
specific  gravity  of  the  fluid  in  which  it  descends. 
If  the  hydrometer,  when  placed  in  water,  sinks  to 
the  figure  10,  and  in  spirits  of  wine  to  ITl,  then 
the  specific  gravity  of  the  water  is  to  that  of  the 
spirit,  as  ll'l  to  10;  for  if  the  same  body  float 
upon  different  fluids,  the  specific  gravity  of  these 
fluids  will  be  to  each  other  inversely  as  the  parts 
of  the  body  immersed. 

E,  By  inversely^  do  you  mean  that  the  fluid  in 
which  the  hydrometer  sinks  the  deepest  is  of  the 
least  specific  gravity  ? 

F.  Yes,  I  do :  here  is  a  piece  of  dry  oak,  which, 
if  I  put  into  spirits  of  wine,  is  entirely  immersed  : 
in  water  the  greatest  part  of  it  sinks  below  the 
surface ;  but  in  mercury  it  scarcely  sinks  at  all. 

Hence  it  is  evident  that  the  hydrometer  will  sink  deepest  in  the 
fluid  that  is  of  the  least  specific  gravity. 

To  render  this  instrument  of  more  service,  a  small  stem  is 
fixed  at  the  end  of  the  tube,  upon  which  weights,  like  that  at  g, 
may  be  placed.  Suppose,  then,  the  weight  of  the  instrument  is 
lOdwts.,  and  by  being  placed  in  any  kind  of  spirit  it  sinks  to  a 
certain  point  L,  it  will  require  an  additional  weight,  suppose 
2*6 dwt.  to  cause  it  to  sink  to  the  same  depth  in  water:  in 
this  case  the  specific  gravity  of  the  water  to  the  spirit  will  be  as 
12*6  to  10.  By  the  addition  of  different  weights  the  specific 
gravity  of  any  kind  of  liquor  is  easily  found.  The  point  t 
should  be  so  placed  as  to  mark  the  exact  depth  to  which  the 
instrument  will  sink  in  the  liquor  that  has  the  least  specific 
gravity. 

(7.  But  you  always  make  the  specific  gravity  of  water  1,  for  the 
sake  of  a  standard. 

F,  Right ;  and  to  find  the  specific  gravity  of  the  spirit  com- 
pared with  water  at  1,  I  say,  as  12*6  :  1  : :  10  :  '791  nearly,  so 
that  I  should  put  the  specific  gravity  of  this  spirit  down 
at  '791  in  a  table  where  water  was  marked  1 ;  and  as  a  cubic 
foot  of  water  weighs  1000  ounces,  a  cubic  foot  of  this  spirit 
would  weigh  791  ounces,  which  is  generally  the  standard  of 
absolute  alcoliol, 

E,  Is  this  what  is  usually  called  spirits  of  wine? 

F.  No ;  it  is  the  alcohol  of  the  chemists,  one  pint  of  which, 
added  to  a^pint  of  water,  makes  a  quart  nearly  of  common  spirits- 
of  wine. 
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C,  You  said  791  was  generally  the  specific  gravity  of  alcohol : 
what  causes  the  difference  at  other  times  ? 

F,  It  is  not  always  manufactured  of  equal  strength ;  and  the 
same  fluids  vary  in  respect  to  their  specific  gravity  by  the  diffe- 
rent degrees  of  heat  and  cold  in  the  atmosphere.  The  cold  of 
winter  condenses  the  fluid,  and  increases  the  specific  gravity ;  the 
heat  of  summer  causes  an  expansion  of  the  fluid,  and  a  diminution 
oi  its  specific  gravity. 

E,  You  said  just  now  that  a  pint  of  water  added  to  a  pint  of 
alcohol,  made  nearly  a  quart  of  spirits  of  wine  ;  surely  two  pints 
make  a/wZZ  quart  ? 

jP.  Indeed  they  will  not.  A  pint  of  water  added  to  a  pint  of 
water  will  make  a  quart ;  and  a  pint  of  spirits  added  to  a  pint  of 
spirit  will  make  a  quart ;  but  mix  a  pint  of  spirit  with  a  pint  of 
water,  and  there  is  a  certain  chemical  union  or  penetration  be- 
tween the  particles  of  the  two  fluids,  so  that  they  will  not  make  a 
quart. 


CONVERSATION  XVII. 

Of  the  Hydrc/fneter,  and  Swimming. 

C,  To  what  purposes  is  the  hydrometer  applied  ? 

F.  It  is  used  in  breweries  and  distilleries,  to  ascertain  the 
strength  of  their  different  liquors ;  and  by  this  instrument  the 
excise  officers  gauge  spirits,  and  thereby  determine  the  duties  to 
be  paid  to  the  revenue. 

1  think  from  the  time  we  have  spent  in  considering  the  specific 
gravity  of  different  bodies,  you  will  be  at  no  loss  to  account  for 
a  variety  of  circumstances  that  may  present  themselves  to  your 
attention  in  the  common  concerns  in  life.  Can  you,  Emma,  ex- 
plain the  theory  of  floating  vessels  ? 

E,  All  bodies  that  float  on  the  surface  of  the  water  displace 
as  much  fluid  as  is  equal  in  weight  to  the  weight  of  the  bodies : 
therefore,  in  order  that  a  vessel  may  keep  above  water,  it  is  only 
necessary  to  take  care  that  the  vessel  and  its  cargo,  passengers, 
&c.,  should  be  of  less  weight  than  the  weight  of  a  quantity  of 
water  equal  in  bulk  to  that  part  of  the  vessel  which  it  will  be  safe 
to  immerge  in  the  water. 

F,  Salt  water, — that  is,  the  water  in  the  sea, — is  specifically 
heavier  than  fresh  or  river  water. 

C,  Then  the  vessel  will  not  sink  so  deep  at  sea  as  it  does  in 
the  Thames. 

F,  That  is  true ;  if  a  ship  is  laden  at  Sunderland,  or  any  other 
sea-port,  with  as  much  coals  or  com  as  it  can  carry,  it  may  sail 
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very  safely  till  it  reach  the  fresh  water  in  the  Thames ;  but  there 
it  will  infallibly  go  to  the  bottom  unless  some  of  the  cargo  be 
taken  out. 

E,  How  much  heavier  is  sea  water  than  the  fresh  ? 

F,  About  one  fortieth  part,  which  would  be  a  guide  to  the 
master  of  a  vessel,  who  was  bent  upon  freighting  it  as  deeply 
as  possible. 

C,  In  bathing,  I  have  often  tried  to  swim,  but  have  not  yet 
been  able  to  accomplish  the  task  ;  is  my  body  specifically  heavier 
than  the  water  ? 

F,  I  hope  you  will  learn  to  swim,  and  well,  too ;  it  may  be  the 
means  of  saving  your  own  life,  and  rescuing  others  who  are  in 
danger  of  drowning. 

By  some  very  accurate  experiments  made  by  Mr.  Robertson,  a 
late  librarian  of  the  Royal  Society,  upon  ten  different  persons,  the 
mean  specific  gravity  of  the  human  body  was  found  to  be  about 
one  ninth  less  than  that  of  common  river  water. 

C.  Why  then  do  I  sink  to  the  bottom  ?  I  ought  to  swim  like 
wood  on  the  surface. 

F.  Though  you  are  specifically  lighter  than  water,  yet  it  will 
require  some  skill  to  throw  yourself  into  such  a  position  as  to  cause 
you  to  float  like  wood. 

C.  What  is  that  position  ? 

F.  Dr.  Franklin  recommends  a  person  to  throw  himself  in  a 
slanting  position  on  his  back;  but  his  whole  body,  except  the 
face,  should  be  kept  under  water. 

Unskilful  persons  in  the  act  of  attempting  this  are  apt  to  plunge 
about  and  struggle ;  by  this  means  they  take  water  in  at  their 
mouths  and  nostrils,  and  arrest  the  proper  action  of  the  lungs. 
Moreover,  the  coldness  of  the  stream  tends  to  contract  the  body ; 
perhaps  fear  has  the  same  tendency ;  all  these  things  put  together 
will  easily  account  for  a  person  sinking  in  the  water. 

E,  But  if  a  dog  or  a  cat  be  thrown  into  a  pond  they  seem  as 
terrified  as  I  should  be  in  a  like  situation ;  yet  they  never  fail  of 
making  their  way  out  by  swimming. 

F,  Of  all  land  animals  man  is,  probably,  the  most  helpless  in 
this  element.  The  brute  creation  swim  naturally,  the  human  race 
must  acquire  the  art  by  practice.  In  other  animals  the  trunk  of 
the  body  is  large,  and  their  extremities  small :  in  man  it  is  the 
reverse,  the  arms  and  l^s  are  large  in  proportion  to  the  bulk  of 
the  body,  but  the  specific  gravity  of  the  extremities  is  greater  than 
that  of  the  trunk,  consequently  it  will  be  more  difficult  for  man  to 
keep  above  water  than  four-footed  animals ;  besides,  the  act  of 
swimming  seems  more  natural  to  them  than  to  us,  as  it  corresponds 
more  nearly  to  their  mode  of  walking  and  running  than  to  ours. 
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(7.  I  will  try  the  next  time  I  bathe  to  throw  myself  on  my  back 
according  to  Dr.  Franklin's  directions. 

F,  Do  not  forget  to  make  your  experiments  in  water  that  is  not 
so  deep  as  you  are  high  by  at  least  a  foot. 

It  is  not  so  generally  known  as  it  ought  to  be,  that  the  depth  of 
a  clear  stream  of  water  is  always  one  fourth  greater  than  it  appears 
to  be.* 

C  If  the  river  appear  to  be  only  three  feet  deep,  may  I  reckon 
upon  its  being  full  tour  feet  ? 

F,  Yes  ;  you  must  estimate  it  in  this  manner.  Remember  also, 
that  if  a  person  sink  slowly  in  water  ever  so  deep,  a  small  effort  will 
bring  him  up  again,  and  if  he  be  then  able  to  throw  himself  on  his 
back,  keeping  only  his  face  above  water,  all  will  be  well  ;t  but  if, 
instead  of  this,  he  is  alarmed,  and  by  struggling  throw  himself  so 
high  above  the  water,  that  his  body  does  not  displace  so  much  of 
it  as  is  equal  to  his  weight,  he  will  sink  with  an  accelerated  motion  : 
a  still  stronger  effort,  which  the  sense  of  danger  will  inspire,  may 
bring  him  up  again,  but  in  two  or  three  efforts  of  this  kind  his 
strength  fails,  and  he  sinks  to  rise'  no  more  alive. 

-E.  Is  it  the  upward  pressure  which  brings  up  a  person  that  is 
at  a  considerable  depth  in  the  water  ? 

F,  It  is ;  this  upward  pressure  balances  the  weight  of  water 
which  he  sustains,  or  he  would  be  crushed  to  pieces  by  it. 

Cork  an  empty  bottle  ever  so  well,  and  with  weights  plunge  it 
down  a  hundred  yards  into  the  sea,  and  the  pressure  of  tne  water 
will  force  the  cork  into  the  bottle. 

C.  I  credit  that  assertion  because  it  is  yours ;  and  I  know  that 
although  you  may  like  now  and  then  to  surprise  us,  you  never 
intentionally  deceive  us.  But  I  confess  that  I  do  not,  as  yet,  see 
the  entire  reason  of  the  fact. 

F,  Have  you  forgotten,  then,  that  the  pressure  of  water  upon 
any  horizontal  surface  is  as  the  depth  of  the  liquid  above  that 
surface? 

C,  No,  papa,  I  have  not.  But  I  do  not  think  we  have  hitherto 
estimated  the  pressure  at  any  considerable  depths. 

F,  Suppose,  then,  you  attempt  to  ascertain  the  pressure  of 
water  upon  a  square  inch  placed  horizontally  at  the  depth  of  30  feet. 

C.  In  order  to  do  that  1  fancy  it  will  be  easier  to  find  the  pres- 
sure on  a  SQuare  foot  at  the  same  depth  ;  and  that,  if  I  do  not 
mistake,  will  be  equivalent  to  the  weight  of  a  column  of  water 
having  a  base  of  a  square  foot,  and  being  30  feet  high. 

♦  The  reason  of  this  deception  is  explained  in  our  Conversation  on  Optics.— Se© 
Conversation  IV.,  on  Optics. 

t  It  has  been  asserted  lately,  in  some  of  our  best  periodical  works,  that  if  a 
person  falling  in  the  water  have  presence  of  mind  to  lean  his  head  a  little  back* 
ward,  and  never  lift  his  hands  above  the  water,  he  cannot  sink. 
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F,  So  far  you  are  quite  right :  go  on. 

C,  This  column  will  contain  30  cubic  feet,  which  will  weigh  30 
times  1000  ounces,  or  30  times  62|  pounds,  that  is  to  say,  1875 
pounds  avoirdupois. 

If  I  divide  this  by  144,  the  quotient  will  measure  the  pressure 
upon  a  square  inch,  at  the  depth  of  30  feet;  this  comes  to  13 
pounds  and  ^.     I  suppose  I  may  call  it  13  pounds. 

E.  Yes,  Charles  ;  that  you  may,  I  will  warrant.  And  if  I  am 
not  mistaken,  I  see  the  reason  why  papa  chose  thirty  feet.  It  was 
because  thirteen  pounds,  the  pressure,  has  the  same  first  syllable 
as  thirty  feet,  the  depth  ;  by  which  means  both  are  more  easily 
recollected.     Am  I  nght  in  this  conjecture  ? 

F,  You  are. 

Now  let  me  ask  you  what  would  be  the  pressure  upon  a  square 
inch  at  the  depth  of  300  feet  ?  ^ 

E,  Ten  times  13,  or  130  pounds ;  and  it  is  very  probable  that 
pressure  would  thrust  in  the  cork. 

F,  What  would  be  the  pressure  upon  a  square  inch  at  the  depth 
of  3000  feet  ? 

E,  Ten  times  130,  or  1300  pounds.  But  that  is  an  enormous 
pressure :  has  it  ever  been  tried  ? 

F,  Yes,  in  the  northern  seas ;  specimens  of  different  kinds  of  wood 
have  been  tied  to  cords  and  sunk  to  depths  of  more  than  6000  feet. 

C,  I  think  I  can  foresee  that  wood  kept  immersed  at  such  neat 
depths  would  have  much  water  squeezed  into  its  pores.  Was 
that  actually  the  case  ? 

F.  Yes.  Ash,  the  specific  gravity  of  which,  before  immersion, 
was  '654,  after  being  kept  nearly  3  hours  at  the  depth  of  6348 
feet,  became  specifically  heavier  than  water,  its  specific  gravity 
having  become  1*168.  Fir,  by  a  like  process,  increased  in  specific 
gravity  from  '473  to  1*081 ;  oak,  from  '720  to  1*85.  So  that  none 
of  the  specimens  would,  after  this  submersion,  swim  in  water. 
This  result,  however,  is  by  no  means  incredible,  when  it  is  con- 
sidered that  the  pressure  upon  each  square  inch  of  surface  exceeded 
25  cwt. 

E.  We  thank  you,  papa,  for  drawing  our  attention  to  this 
interesting  experiment. 


CONVERSATION  XVm. 

Of  the  Syphon, 

F,  This  bended  tube  is  called  a  syphon,  and  it  is  used  to 
draw  off  water,  wine,  or  other  fluids  from  vessels  which  it  would 
be  inconvenient  to  move  from  the  place  in  which  they  stand. 
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C.  I  do  not  fee  how  it  can  draw  liquor  out 
of  any  vessel— why  is  one  leg  longer  tnjui  the 
other  ? 

F,  I  will  first  show  you  how  the  operation  is 
performed,  and  then  endeavour  to  eiplain  the 
principle. 

I  fill  the  tube  b  »  c  with  water,  and  then 
placing  a  finger  on  b,  and  another  on  c,  I  invert 
tbe  tube,  and  immerse  the  shorter  leg  into  a  jar 
of  water  ;  and  having  taken  my  fingers  away, 
you  see  the  water  runs  over  in  a  stream. 

E.  Will  it  continue  to  flow  over  ?  tig-  «- 

F.  It  will,  till  the  water  in  the  vessel  comes  as  low  a^  E,  the 
edge  of  the  syphon. 

C  Is  this  accounted  for  hy  pressure  ? 

F.  To  the  pressure  or  weight  of  The  atmosphere  we  are  in- 
debted for  the  action  of  tbe  syphon,  pumps,  &c.  At  present 
you  must  take  it  for  granted  that  the  air  which  we  breathe, 
though  invisible,  has  weight,  and  that  the  pressure  occasioned  by 
it  is  equal  10 about  14  or  15  pounds  upon  every  square  inch.  The 
surface  of  thb  table  is  equal  to  about  six  square  feet,  or  864  square 
inches,  and  the  pressure  of  the  atmosphere  upon  it  is  equal  to  at 
least  12,000  pounds. 

E.  How  does  the  pressure  of  the  air  cause  the  water  to  run 
through  the  syphon? 

F.  The  principle  of  the  syphon  is  this:  the  two  legs  are  of 
ane<]ual  length ;  eiKisequently,  the  weight  of  water  in  the  longer 
leg  IS  greater  than  that  in  the  shorter,  and  therefore  will,  by 
its  own  gravity,  run  out  at  c,  leaving  a  vacuum  from  s  to  s,  did 
not  tbe  pressure  of  the  atmosphere  on  the  surface  of  the  water  in 
the  jar  force  it  up  the  leg  d  e,  and  thus  continually  supply  the 
place  of  the  water  in  d  c. 

C.  But  since  the  pressure  of  fluids  acts  in  alt  directions,  is  not 
the  upward  pressure  of  the  atmosphere  against  c,  the  month  of  tbe 
tube,  equal  to  the  downward  pressure  on  the  surface  of  the  water  P 

F.  The  pressure  of  the  atmosphere  may  be  considered  as  equal 
in  both  cases.  But  these  equal  pressures  are  counteracted  by  the 
pressures  of  the  two  unequal  columns  of  water,  s  e  and  d  c.  And 
rince  the  atmospheric  pressure  is  more  than  sufficient  to  balance 
both  these  columns  of  fluid,  ttiat  which  acts  with  the  lesser  force, 
that  is,  the  column  s  E,  will  be  more  pressed  against  o  c  than  j>  c 
]s  agwnst  D  B  at  the  vertei  d  ;  consequently  the  column  i>  x  will 
yield  to  the  greater  pressure,  and  flow  off  through  the  orifice  c. 

C.  Would  the  same  thii^  happen  if  the  outer  [^  n  c  were 
shorter  than  the  other  ? 
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F.  If  D  c  were  broken  off  at  b,  even  with  the  surface  of  the 
water,  no  water  would  run  over ;  or  if  it  were  broken  off  any^ 
where  lower  than  b,  it  would  only  run  awav  till  the  surface  of  the 
fluid  descended  to  a  level  with  the  length  of  the  outer  tube,  because 
then  the  column  d  e  will  be  no  more  pressed  against  d  c  than  d  c 
is  against  d  b,  and  consequently  the  syphon  will  empty  itself ;  the 
water  in  the  outer  leg  will  run  out  at  the  lower  orifice,  and  that 
in  the  inner  will  fall  back  into  the  jar. 

C,  In  decanting  a  pipe  of  wine,  are  you  obliged  first  to  fill  the 
syphon  with  liquor,  and  then  invert  it  ? 

i^.  No ;  a  small  pipe  is  fixed  to  the  outer  leg  of  the  syphon,  by 
which  the  air  is  drawn  out  of  it  by  the  mouthy  and  the  short  leg 
being  immersed  in  the  wine,  the  fluid  will  follow  the  air,  and  run 
out  till  the  pipe  is  empty. 

The  syphon  is  sometimes  disguised  for  the  sake  of  amusing 
young  people.  Tantalus's  cup  is  of  this  kind.  The 
longer  leg  of  the  syphoii  passes  through,  and  is  ce- 
mented into  the  bottom  of  the  cup ;  if  water  be 
poured  into  the  cup,  so  as  not  to  stand  so  high  as 
the  bend  of  the  tube,  the  water  will  remain  as  in 
any  common  vessel;  but  if  it  be  raised  over  the 
bended  part  of  the  syphon,  it  will  run  over,  and 
continue  to  run  till  the  vessel  is  emptied.  Some* 
times  a  little  figure  of  a  man  representing  Tantalus 
conceals  the  syphon,  so  that  Tantalus,  as  in  the 
fable,  stands  up  to  his  chin  in  water,  but  is  never 
able  to  quench  his  thirst ;  for  just  as  it  comes  to  a 
level  with  his  chin,  it  runs  out  through  the  concealed  syphon. 
This   is  another  kind  of  Tantalus's  cup,   but  the   syphon  is 

concealed  in  the  handle,  and  when  the  water 
in  the   cup,    which    communicates   with    the 
shorter  leg  at  i,  is  raised  above  the  bend  of 
the  handle,   it  runs  out  through   the  longer 
leg  at  p,   and   so   continues   till    the   cup  is 
empty.     This  cup  is  often  made  to  deceive 
the  unwary,  who,   by  taking  it  up  to  drink, 
cause  the  water,  which  was,  while  at  rest,  be- 
low the  bend  of  the  syphon,  to  run  over,  and 
then  there  is  no  means  of  stopping  the  stream 
till  the  vessel  is  empty. 
C,  I  have  frequently  seen  at  the  doors  of  public-houses  the 
contents  of  hogsheads  of  spirits  drawn  off  by  means  of  an  instru* 
ment  like  a  syphon. 

F,  That  is  called  a  distiller's  crane  or  syphon,    b  represents  one 
of  these  barrels  with  the  syphon  at  work  from  the  bung-hole  «, 


Fig.  25. 


Fig.  26. 
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a  small  tube  a 
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The  longer  leg  m  r  is  about  three  feet 
long,  with  a  stop-cock  near  the  middle, 
which  must  be  shut,  and  then  the  shorter 
leg  b  immersed  in  the  liquor. 

JE,  Is  the  air  in  the  short  leg  forced 
into  the  other  by  the  upward  pressure 
of  the  fluid? 

J^.  It  is,   and  the  cock   being  shut,  it 
cannot  escape,  but  will  be  very  much  con- 
densed. If  then  the  cock  be  suddenly  opened 
tlic  condensed  air  will  rush  out,  ana  the  pressure  of  the  a 
the  Uquor  in  the  vessel  will  force  it  over  the  bend  of  the  syphon 

and  cause  it  to  flow  off  in  a  stre:  '     "         "       ' 

however,  the  barrel  be  not  full,  c 
to  draw  the  air  out  of  the  syphon 
fixed  to  it. 

By  the  principle  of  the  syphon  we  are  enabled  to  explain  the 
nature  of  intermitting  springs. 

E.  What  are  these? 

F.  They  are  springs,  or  rather  streams,  that  flow  periodically. 
A  diagram  will  give  a  clearer  idea  of  the  subject  than  many 
words  without ;  g  p  c  represents  a  cavity  in  the  bowels  of  a  hill 
from  the  bottom  of  whicn,  c,  proceeds  the  irr^ular  cavity  c  ■  d, 
fbnniog  a  sort  of  natural  syphon.  Now,  ae  this  fills,  by  means 
of  rain  or  snow  draining  through  the  pores  of  the  ground,  the 
water  will  gradually  rise  iii  the  leg  c  b,  till  it  has  attained  the 
horizontal  level  'i  h,  when  it  will  be^  to  flow  through  the  leg 
X  D,  and  continue  to  increase  in  the  quantity  discharged  as  the 
water  lises  higher,  till  a  full  stream  b  sent  forth  ;  and  then,  by 
the  principle  of  the  syphon, 

it  must  continue  to  flow  till 
the  water  sinks  to  the  level 
i  i,  when  the  air  will  rush 
into  the  syphon  and  stop  its 

C.  And  being  once  brought 
so  low,  it  cannot  run  over 
again  til)  the  cavity  is  full  of 
water,  or  at  least  up  to  the 
level  h  h,  which,  as  it  is  only 
supplied  by  the  draining  of  the  wati 
take  a  considerable  length  of  time, 
are  called  intermitting  springs? 

F,  It  is :  Mr.  Clare,  m  his  treatjse 
illustrates  this  subject  by  referring  t 


r  through  the  ground,  must 
Is  that  the  reason  why  they 


'  On  the  Motion  of  Fluids," 
a  pond  at  Gravesend,  out 
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of  which  the  water  ebhs  all  the  time  the  tide  is  coming  into  the 
adjacent  river,  and  runs  in  while  the  tide  is  going  out.  Another 
instance  mentioned  by  the  same  author  is  a  spring  in  Derbyshire 
called  the  Wedding  Well,  which,  at  certain  seasons,  sends  forth 
a  strong  stream,  with  a  singing  noise,  for  about  three  minutes, 
and  then  stop  again.  At  Lamboum,  in  Berkshire,  there  is  a 
brook  which  m  summer  carries  down  a  stream  of  water  sufficient 
to  turn  a  mill ;  but  during  the  winter  there  is  scarcely  any  cur- 
rent at  all. 

In  intermitting  springs  the  periodical  returns  of  the  flowing  and 
cessation  will  be  regular,  if  the  filling  of  the  reservoir  be  so ;  but 
the  interval  of  the  returns  must  depend  on  the  quantity  of  water 
furnished  by  the  springs. 

Many  springs  are  derived 'from  natural  syphons,  existing  in  the 
sides  of  mountains,  &c.,  at  various  depths,  and  to  various  extents. 
Some,  situated  on  the  tops  of  hills  near  to  larger  ones,  supply 
water  all  the  year,  others  only  periodically,  when  they  usually 
flow  in  profusion. 


CONVERSATION  XIX. 

Of  the  Diving-BeU. 

F»  Take  this  ale-glass,  and  thrust  it  with  the  mouth  down- 
wards into  a  glass  jar  of  water,  and  you  will  perceive  that  very 
little  water  will  enter  it. 

C.  The  water  does  not  rise  in  it  more  than  about  a  quarter  of 
an  inch :  if  I  properly  understand  the  subject,  the  air,  which  filled 
the  glass  before  it  was  put  into  the  water,  is  now  compressed  into 
the  smaller  space ;  and  it  is  this  body  of  air  that  prevents  more 
water  from  getting  into  the  glass. 

F.  That  is  the  reason :  for  if  you  slope  the  glass  a  little  on  one 
side,  a  part  of  the  air  will  escape  in  the  form  of  a  bubble,  and 
then  the  water  will  rise  higher  in  the  glass. 

Upon  this  simple  principle  machines  have  been  invented,  by 
which  people  are  able  to  walk  about  at  the  bottom  of  the  sea 
with  as  much  safety  as  upon  the  surface  of  the  earth.  The  ori- 
ginal machine  of  this  kind  was  much  improved  by  Dr.  Halley, 
more  than  a  century  ago ;  it  is  called  the  Diving  Bell. 

C;  Was  it  made  in  the  shape  of  a  bell  ? 

F,  It  was ;  and,  as  great  strength  was  required  to  resist  the 
pressure  of  the  water,  he  caused  it  to  be  made  of  copper :  this  is 
a  representation  of  it.  The  diameter  of  the  bottom  was  five 
fset,  that  of  the  top  three  feet,  and  it  was  eight  feet  high ;  to 
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make  tlie  vessel  sink  vertimllj 
in  water,  tbe  bottom  was  loaded 
with  a  quantity  of  leaden  balla. 

E.  It  waa  aa  large  aa  a  good- 
sized  closet ;  but  how  did  be 
contrive  \o  get  light  ? 

F.  Light  WHS  let  into  the  bell 
by  means  of  strong  spherical 
glasses  fixed  in  the  top  of  tbe 
machtoe. 

C.  How  are  the  divers  sup- 
plied with  air  ? 

F.  Barrels,  filled  with  fresh 
MT     were      made      sufficiently  p^  j, 

heavy,  and  sent  down,  such  as 

that  represented  by  c  ;  from  which  a  leathern  pipe  communicated 
with  trie  inside  of  ihe  bell,  and  a  stop-cock  at  the  upper  part  of 
the  bell  let  out  the  foul  air. 

E.  Tbe  little  men  seem  to  sit  very  contently  under  the  bell ; 
yet  I  do  not  think  I  should  like  a  journey  with  them. 

O.  I  descended  the  other  day  in  the  diving-bell  at  the  Poly- 
technic, and  felt  a  somewhat  disagreeable  sensation  in  my  ears ;  but 
this  tensation  appeared  painful  to  some  who  descended,  at  least 
so  I  judged  from  their  olMerntions  as-they  eraei^;ed  from  the  bell. 
What  is  the  cause  of  this  ? 

F.  It  arises  from  the  condensation  of  the  air  in  the  bell; 
which  at  considerable  depths  in  the  sea  is  very  great,  and  pro- 
duces a  disagreeable  pressure  upon  all  parts  of  the  body,  but 
more  particularly  in  tbe  ears,  as  if  quills  were  thrust  into  them. 
This  sensation  does  not  last  long,  for  the  air  pressing  through 
the  pores  of  the  skin,  soon  becomes  as  dense  within  their  bodies 
as  without,  when  the  sense  of  pressure  ceases. 

E.  They  might  slop  their  ears  with  cotton. 

F.  Une  of  them  once  thought  himself  as  cunning  as  you,  and 
for  the  want  of  cotton  he  chewed  some  paper  and  stuffed  it  in  his 
ears :  as  the  bell  descended,  the  paper  was  forcibly  pressed  into 
the  cavities,  and  it  was  with  greet  difficulty  and  some  danger  that 
it  was  extracted  by  a  surgeon. 

C.  But  no  barrels  of  air  were  sent  down  to  us  at  the  Poly- 
technic. 

F.  No ;  but  you  must  have  noticed  two  men  pumping  while 
the  bell  was  in  the  water :  they  were  sending  you  air  by  means  of 
a  forcing-pump,  which  is  the  plan  now  adopted  in  preference  to 
the  inconvenient  one  of  sending  down  barrels  of  axr. 

C.  Are  divers  able  to  remain  long  under  water  1 
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F,  Yes ;  when  all  things  are  properly  arranged ;  if  business 
nrauii^  it,  ther  will  stay  several  hours  without  the  smallest  diffi- 
culiv. 

£.  But  how  do  they  get  up  again  ? 

F,  They  are  generally  let  down  from  on  board  ship,  and  taldng 
a  rope  with  them,  to  which  is  fixed  a  bell  in  the  vessel,  they 
have  only  to  pull  the  string,  and  the  people  in  the  ship  draw 
them  up. 

C,  tvhat  does  the  figure  e  represent  ? 

F,  A  man  detached  from  the  bell,  with  a  kind  of  inverted 
basket  made  of  lead,  in  which  is  fixed  another  flexible  leathern 
pipe,  to  give  him  finesh  air  from  the  bell  as  often  as  he  may  find  it 
necessary.  By  thb  method  a  man  may  walk  to  the  distance  of  80 
or  100  yards  fitxn  the  machine. 

E»  It  b  to  be  hoped  his  comrades  will  not  forget  to  supply  him 
with  air. 

F,  If  hb  head  b  a  little  above  that  part  of  the  bell  to  which 
the  pi^ie  communicates,  he  can,  by  means  of  a  stopcock,  assist 
hiniselt  as  often  as  he  requires  a  new  supply ;  and  that  man  is 
always  best  helped  who  can  help  himself. 

A\  We  saw  a  diver  thus  protected  descend  into  the  tank  at 
the  Polvtechnic ;  hb  helmet  was  supplied  with  air  from  the 
|Himp  ;  he  carried  heavy  w^hts  to  sink  himself ;  but  how  did  he 
manage  to  doat  again,  for  h«  did  not  remove  the  weights  ? 

F,  No  :  but  he  had  on  a  waterproof  girdle ;  and,  by  turning 
a  i»ck,  he  roimected  thb  with  the  nelmet,  and  it  became  inflated 
with  air,  and  thus  he  became  buoyant. 

F,  I  observed  a  great  bubbling  in  the  tank  while  the  bell  or 
the  di^*er  was  down."  What  was  thb  ? 

F.  The  pumpers  furnished  more  air  than  was  needed,  and  it 
«$c«})ed  under  the  lip  of  the  bell ;  also,  when  the  bell  was  at  the 
b«.>itiHu  of  the  tank  the  air  it  contained  was  compressed  by  the 
depth  of  water ;  but  as  the  bell  rose  the  air  expanded,  and  be- 
cauH*  too  much  for  the  bell. 

( \  Uas  the  diving-bell  been  applied  to  any  very  useful  pur- 

F,  By  means  of  thb  invention  a  great  number  of  valuable  com* 
mo^litie$  have  been  recovered  from  wredis  of  ships,  though  at 
gretat  tio|>th$  in  the  sea.  The  bell  b  perfectly  manageable,  and 
may.  by  a  small  boat,  be  conducted  from  place  to  place  with  the 
gnMtt^t  t>a;^.  You  romember  the  fearful  accident  that  happened 
to  the  Rin-al  George  ship  of  the  line,  which  was  suddenly  sunk 
with  all  iho  crew,  of  whom  few  escaped.  The  sunk  wreck,  which 
was  Km^  a  gTvat  source  of  interruption  to  the  navigation,  has  been 
A'luou'd  by  the  continual  use  of  the  divin£^-bdL 
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CONVERSATION  XX. 

Of  the  Diving-Bell, 

E,  Have  there  been  any  accidents  attending  the  use  of  the 
diviDg-bell  ? 

F,  The  diving-bell  proved  fatal  to  Mr.  Spalding  and  an  as^ 
sistant,  who  went  down  to  view  the  wreck  of  the  Imperial  East- 
Indiaman,  near  Ireland.  They  had  descended  for  the  third  time, 
when  the  twisting  of  some  ropes  prevented  their  announcing  their 
wants  to  their  companions  in  the  ship.  Mr.  Day  also  perished  at 
Plymouth  in  a  diving-bell  of  his  own  construction,  in  which  he 
was  to  have  continued,  for  a  wager,  twelve  hours,  one  hundred 
feet  deep  in  water. 

C,  Did  these  accidents  put  an  end  to  the  experiments  ? 

F,  No ;  but  they  have  led  to  improvements  in  the  structure 
and  use  of  the  machine.  Mr.  Smeaton  made  use  of  a  cast-iron 
chest  (fig.  30),  the  weight  of  which,  50  cwt.,  was 
heavy  enough  to  sink  itself.  It  was  4J  feet  in 
height,  the  same  number  of  feet  in  length,  and 
3  feet  wide,  and  of  course  afforded  sufficient 
room  for  two  men  to  work  under  it  at  a  time. 

E.  What  are  those  round  things  at  the  top  ? 

F,  They  are  four  strong  pieces  of  glass  to 
admit  the  light.  The  great  advantage  which 
this  had  above  Dr.  Halley*s  bell  was,  that  the 
divers  were  supplied  with  a  constant  influx  of 
air,  without  any  attention  of  their  own,  by  Fig.  so. 
means  of  a  forcing  air-pump,  worked  in  a  boat  upon  the  water's 
surface. 

C.  That  is  not  represented  in  the  plate. 

F,  Look  to  fig.  31,  which  is  a  diving  machine  of  a  different 
construction,  invented  by  the  very  ingenious  and  truly  respectable 
lecturer,  Mr.  Adam  Walker.* 

This  machine  is  of  the  shape  of  a  conical  tub,  but  little  more 
than  one  third  as  large  as  Mr.  Smeaton's.  The  balls  at  the 
bottom  are  lead,  sufficiently  heavy  to  make  it  sink  of  itself:  a 
bended  metal  tube  a  6  c,  is  attached  to  the  outside  of  a  machine 
with  a  stopcock  a,  and  a  flexible  leathern  tube  to  the  other  end 
e ;  this  tube  is  connected  with  a  forcing  air-pump  d^  which  abun- 
dantly supplies  the  diver  with  fresh  air.  The  ropes  and  leathern 
tube  being  flexible,  the  diver  can,  with  the  machine  over  his  head, 
walk  about  several  yards,  in  a  perpendicular  posture ;  and  thus  can 
easily  perform  any  sort  of  business,  nearly  as  well  as  on  dry  land. 

*  See  Walker's  System  of  Natural  Philoeophy,  2  vols.  4to. 
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Mr.  Walker  says,  that  the  greatest  j 
the  wreck  saved  from  the  rirli  ship  Be 
was  taken  up  by  means  af  this  bell, 
following  anecdote  given  by  this  gent 
will  entertain  my  young  readers ; — 
"As  the  direr  had  plenty  of 
spare,  he  thought  a  candle  migl 
supported  in  the  boll,  and  he  eoiild  d< 
by  night.  He  made  the  eiperiraen 
presently  found  himself  surrounded  b; 
some  very  lai^e,  and  many  such  i 
had  never  seen  before.  They  sjiorted 
the  bell,  and  smelt  at  his  legs  as  they 
in  the  water.:  this  rather  alarmed  hii 
he  was  not  sure  but  some  of  the 
might  take  a  fancy  to  him  ;  he  the 
rang,  his  bell  to  be  taken  up,  and  th 
accompanied  him  with  much  good-i 
to  the  surface." 

C.  I  have  heard  lately  of  methoc 

have  been  adopted  of  going  down  tu 

the  bottom  of  rivers  without  a  divir 

at  all ;  but  I  could  never  get  a  desci 

of  the  apparatus, 

Fig.  31.  p_  Y^ou  refer  to  Mr.  Cave's  modif 

of  the  diving-bell.     Conceive  to  yourself  a  large  hemispl 

v^sel  of  iron,  some  20  or  30  feet  in  diameter,  and  15  or  £ 

high,  with  an  opening  in  the  centre  of  the  Iwttom  of  the  ■ 

This  vessel,  with  the  addition  of  the  air-pump  and  other  nee 

apparatus,  would  of  itself  constitute  a  diving-bell. 

E.  It  would  be  rather  a  large  one,  I  think ;  much  large 
I  had  supposed  was  ever  the  case. 

F.  You  will  find  as  I  go  on  that  this  is  a  fixture,  and  i 
an  air-vessel.  To  the  hole  in  the  bottom  is  fitted  a  Ion, 
cyluider,  open  at  both  ends,  which  can  be  raised  or  lowe 
required;  it  slides  in  or  out  like  the  tube  of  a  sny-glass,  a: 
joint  or  hole  is  kept  air-tight.  Then  instead  of  letting  the 
sphere  descend,  tne  cylinder  is  lowered ;  and  on  ihe  air 
compressed  into  the  vessel,  the  water  is  driven  out  both 
hemisphere  and  the  cylinder,  and  the  diver  can  descend  fn 
hemisphere  and  go  down  the  cylinder  to  the  bottom  of  the 
just  as  he  would  go  down  a  weft. 

E.  Ah!  but  how  would  he  get  into  the  great  hemisphen 

F.  By  a  very  clever  contrivance.  The  great  upper  cl 
is  furnished  with  a  small  antechamber,   intercommunicati 


THE   DIVING-BELL.  205 

a  large  valve  or  air-tight  door,  and  having  another  similar  door 
as  an  entrance  from  without.  It  is  obvious  to  you  that  if  both 
doors  are  opened,-  all  the  compressed  air  would  escape,  and  the 
water,  rushing  in,  would  fill  the  vessels  as  high  as  the  level  of  the 
river.  But,  when  the  workmen  enters  the  antechamber  from 
without,  he  carefully  closes  the  door  behind  him  ;  he  then  opens 
the  door  that  intercommunicates  with  the  large  chamber ;  some  of 
the  compressed  air,  but  not  much,  enters,  and  diffuses  itself  in 
the  small  chamber,  making  the  atmosphere  of  both  of  the  same 
density.  He  now  shuts  the  door  behind  him,  and  goes  down  the 
cylinder. 

E.  I  quite  understand  the  ingenious  plan  ;  and  can  see  that  if 
the  antechamber  is  small  in  proportion  to  the  great  chamber,  very 
little  air  will  be  lost  for  each  person  that  enters,  providing  he  is 
careful  to  shut  the  door  after  him. 

F,  Another  application  of  this  principle  is  in  the  construction 
of  the^  piers  of  bridges.     At  Rochester,  for  instance,  it  had  been 
long  necessary  to  erect  a  new  bridge ;  and  the  cost  of  the  foun- 
dation would  have  been  very  great,  and  the  more  so  in  this  in- 
stance, from  the  peculiar  circumstances  of  the  bottom  of  the 
river.     Diving-cylinders^  if  we  may  call  them  by  that  name, 
came  to  the  rescue.     A  strong  iron  cylinder  is  sunk  vertically ; 
another  is  attached  to  it,  and  another  and  another,  according  to 
the  depth  of  the  river  Jind  the  progress  of  the  works.     Air-tight 
doors  communicate  between  each ;  the  first  or  upper  cylinder  is 
the  antechamber,  and  the  others,  forming  a  kind  of  well,  are  the 
large  chamber.     When  the  lowest  one  had  reached  the  bottom  of 
the  river,  and  was  rightly  adjusted  over  the  spot  where  it  was 
permanently  to  stand,  the  work  of  excavation  or  digging  of  the 
foundation  commenced.    The  workman  enters  by  the  antechamber 
or  upper  cylinder,  and  descends,  air  having  been  previously  forced 
in  so  as  to  expel  the  water.    He  digs  away  the  earth,  and  the 
heavy  mass  of  iron  sinks  by  its  ovra  height ;  he  conveys  away 
the  soil  as  he  collects  it,  by  way  of  the  antechamber,  and  returns 
for  more ;  and  so  he  goes  on  until  the  whole  has  sunk  so  much 
that  the  top  of  the  highest  cylinder  has  nearly  reached  down  to 
the  water's   edge;  when  it  is  lengthened  by  the  addition  of 
another  cylinder,  and  so  on. 

C.  You  spoke  of  the  spot  where  this  set  of  cylinders  was  per» 
manently  to  stand.  Is  it  not,  then,  removed  when  the  work  is 
done? 

F,  No.  It  constitutes  the  means  of  doing  the  work,  and  is 
the  very  work  itself.  It  is  one  of  several  columns,  each  similar, 
that  form  the  permanent  works  of  the  bridge.  It  is  constructed 
with  the  necessary  strength,  and  is  sunk  through  the  soft  bottonv 
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of  the  river  until  a  hard  substratum  is  arrived  at ;  and  thus  has 
a  solidity  which  could  not  otherwise  be  obtained  except  at  an 
enormous  cost. 


CONVERSATION  XXI. 

Of  the  Diving-Boat. 

F.  I  have  now  to  describe  to  you  a  means  of  descending  to  the 
bottom  of  the  sea,  and  there  remaining,  without  any  communica- 
tion with  the  surface  ;  but  with  the  means  of  sustaining  life  com- 
fortably, and  of  rising  again,  when  required. 

C,  What !  of  sinking  and  of  rising  again  without  help  from 
above  ? 

F.  Yes;  strange  as  it  may  at  first  seem,  this  is  safely  and 
readily  accomplished  by  Dr.  Payeme,  a  French  engineer,  by 
means  of  the  diving-boat,  invented  by  him.  It  is  not  a  boat,  as 
far  as  its  powers  of  progression  are  concerned ;  for  it  must  be 
towed  to  the  spot  where  the  descent  is  to  be  made.  Its  floating 
properties  alone  give  it  a  claim  to  the  name  of  boat.  It  is  an 
iron  vessel,  some  40  feet  in  length,  and  5  or  6  feet  in  diameter  at 
its  thickest  part,  terminating  towards  the  ends  in  blunt  points ; 
in  shape  not  altogether  unlike  an  egg,  only  longer  in  proportion 
to  its  diameter.  Internally,  there  is  a  .centre  chamber,  about 
15  feet  long,  and  which  can  accommodate  some  eight  or  nine 
workmen.  Each  end  of  the  vessel  is  occupied  by  a  strongly 
constructed  air-tight  chamber.  The  air-chambers  are  similar; 
and  the  boat  is  prepared  for  service  by  compressing  within  these 
chambers  a  large  quantity  of  air, — so  large  a  quantity,  that  it 
will  not  only  furnish  a  supply  for  the  gang  of  men  sufficient  for  a 
day's  consumption,  but  enough  also  for  other  important  services. 
The  entrance  to  the  centre  chamber  is  by  a  door  or  man-hole  at 
the  top.  Over  the  door  is  an  iron  arch,  sustaining  a  pulley. 
When  the  men  have  entered,  they  close  the  door  after  them,  and 
a  man  outside  passes  a  rope  from  it  over  the  pulley,  and  hauls  it 
up  tight,  while  the  divers  seat  themselves  in  their  prison  by  screw- 
ing the  door  close,  so  as  to  make  it  water-tight. 

C,  But  I  do  not  see  how  they  are  to  sink  themselves,  and,  when 
sunk,  how  are  they  to  get  out  without  letting  the  water  in  ;  and, 
least  of  all,  how  are  they  to  rise  to  the  surface  when  their  work 
is  done. 

F,  1  will  describe  these  operations  each  in  turn. — ^The  buoy- 
ancy of  the  vessel  is  such  that,  although  of  iron,  it  floats  with  its 
living  freight ;  but  it  is  obvious  to  you  that  it  would  sink'if  it  were 
overloaded. 
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E.  Of  course  it  would  ;  but  how  can  the  divers,  screwed  in 
as  they  are,  take  in  ballast,  and  overload  it  so  as  to  sink  them- 
selves ? 

F,  Here  comes  in  the  beauty  of  the  invention.  The  centre 
chamber  is  furnished  with  forcing-pumps.  By  means  of  these 
the  divers  pump  water  and  force  it  into  the  air-vessels,  which 
is  no  easy  matter,  inasmuch  as  the  highly  condensed  air,  with 
which  they  are  preoccupied,  offers  very  great  resistance  to  the 
entrance  of  anything  else.  However,  the  pumps  are  equal  to 
the  duty  required  ;  and  in  proportion  as  the  water  is  forced  in,  first 
at  one  end  and  then  at  the  other,  the  whole  machine  becomes 
heavier ;  and  at  last,  when  too  heavy  to  float,  it  quietly  descends 
to  the  bottom. 

E.  But  they  are  in  the  dark,  and  they  cannot  get  out. 

F,  I  should  have  told  you  that  there  are  some  little  windows 
in  the  roof.  As  to  getting  out,  they  have  merely  to  lift  up  one  or 
more  of  the  trap-doors,  with  which  the  bottom  is  furnished,  or  they 
may  open  the  bottom  itself  in  one  large  trap-door.    *  * 

C,  What !  and  let  all  the  water  in  upon  them  ? 

F,  You  forget  that  the  space  is  already  occupied  by  air.  On 
communication  being  made  with  the  water,  some  portion  enters 
and  condenses  the  air;  and  according  to  the  depth  and  other 
circumstances,  more  water  would  readily  enter  than  is  con- 
venient. But  the  highly  charged  air-magazines  are  at  hand  to 
prevent  this.  The  divers  have  merely  to  open  a  valve,  and  allow 
the  imprisoned  air  to  escape  into  the  centre  chamber,  until,  by 
its  high  state  of  elasticity,  it  drives  back  the  water. 

E,  And,  I  suppose  as  they  consume  the  air  by  breathing,  they 
let  in  fresh  supplies  ? 

F,  They  do:  but  there  is  something  else  to  accomplish  in 
order  to  sustain  life.  You  are  aware  that  the  air,  which  we 
expire  or  breathe  out,  is  very  different  fi-om  what  we  inspire  or 
breathe  in.  In  breathing,  we  consume  oxygen  gas  from  the 
atmosphere,  and  we  give  out  carbonic  acid  gas,  which  is  the 
oxygen  we  took  in  united  with  carbon  or  charcoal  from  the 
body.     This  gas  will  not  sustain  life ;  it  is  virtually  poison. 

C,  Then  the  air  the  men  have  to  breathe  must  contain  very 
much  of  this  bad  gas  ? 

F,  It  does ;  but  it  fortunately  happens  that  both  lime  and 
water  are  very  fond  of  this  gas :  it  dissolves  readily  in  water, 
and  it  unites  with  lime  and  forms  chalk.  The  men,  therefore, 
take  down  with  them  a  good  pailful  of  lime-water,  and  a  pair 
of  bellows,  with  a  nozzle  like  that  of  a  watering-pot.  They  put 
the  nozzle  of  the  bellows  into  the  water,  and  now  and  then  blow 
away  lustily,  so  that  the  air  of  their  chamber  is  passed  thxovM^ 
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the  lime-water,  where  it  leaves  belund  its  carbonic  acid  gas,  and 
so  is  purified.  It  is  even  not  always  necessary  to  use  the 
bellows ;  for,  when  there  is  a  good  current  of  water  flowing,  it 
takes  up  the  carbonic  acid  in  passing. 

E,  Now  do  tell  us  how  they  get  up  to  the  surface ;  I  am  so 
anxious  to  know  ;  for  they  seem  to  me  perfectly  helpless.     . 

F.  You  heard  me  speak  of  the  difficulty  there  was  in  forcing 
water  into  the  air-cells,  so  as  to  sink  the  vessel :  and  you  may 
readily  suppose  that  what  was  forced  in  with  so  much  difficulty 
can  easily  be  got  out ;  and  so  it  is :  for  the  compressed  air  still 
contends  strongly  against  the  intruding  load  of  water ;  and  no 
sooner  do  the  divers  open  the  proper  valves,  than  the  water  is 
forced  out,  and  the  boat,  being  lightened  of  its  load,  readily  rises 
to  the  surface.  The  men  bring  up  with  them  whatever  treasure 
or  debris  they  may  have  collected  during  their  immersion.  They 
generally  work  eight  hours  a  day,  in  two  turns  of  four  hours,  and 
do  this  without  inconvenience.  Improvements  are  daily  being 
made  in  this  apparatus,  so  that  many  new  applications  may  soon 
be  discovered. 


CONVERSATION  XXH. 

Of  Pumps, 

F.  Here  is  a  glass  model  of  a  common 
pump,  which  acts  by  the  pressure  of  the 
atmosphere  on  the  surface  of  the  water  in 
which  it  is  placed. 

F,  Is  this  like  the  pump  below  stairs  ? 
F.  The  principle  is  exactly  the  same :  a 
represents  a   ring  of  wood   or  metal,  with 
pliable  leather  fastened  round  it  to  fit  the 
cylinder  a.     Over  the  whole  is  a  valve  of 
metal,  covered  with  leather,  of  which  a  part 
serves  as  a  hinge  for  the  valve  to  open  and 
shut  Im 
C.  What  is  a  valve,  sir  ? 
F,  It  may  be  described  as  a  kind  of  lid  or  trap-door,  that 
opens  one  way  into  a  tube,  but  which  the  more  forcibly  it  is 
pressed  the  other  way,  the  closer   the  aperture  is  shut ;   so  that 
it  either  admits  the  entrance  of  a  fluid  into  the  tube,  and  pre- 
vents its  return;   or  permits  it  to  escape,  and  prevents  its  re- 
entrance. 

Attend  now  to  the  figure :  the  handle  and  rod  r  end  in  a  fork 
which  passes  through  the  piston,  and  is  screwed  fast  to  it  on  the 


Fig.  32. 
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under  side.  Below  this,  and  over  a  tube  of  a  smaller  bore,  as  z, 
is  another  valve  v  opening  upward,  which  admits  the  water  to 
flow  up,  but  not  to  run  down. 

J^.  That  valve  is  open  now,  by  which  we  see  the  size  of  the 
lower  tube,  but  I  do  not  perceive  the  upper  valve. 

F*.  It  is  supposed  to  be  shut,  and  in  this  situation  the  piston  a 
is  drawn  up,  and  being  air-tight,  the  column  of  air  on  its  top  is 
removed,  and  consequently  leaves  a  vacuum  in  the  part  of  the  cy- 
linder between  the  piston  and  the  lower  valve. 

C.  I  now  see  the  reason  of  lifting  up  the  pump  handle  :  because 
the  piston  then  goes  down  to  the  lower  valve,  and  by  its  ascent 
afterwards  the  vacuum  is  produced. 

jPl  And  the  closer  the  piston  is  to  the  lower  valve,  the  more 
perfect  will  be  the  vacuum. 

You  know  there  is  a  pressure  of  the  air  on  all  bodies,  on  or 
near  the  surface  of  the  earth,  equal  to  or  about  14  or  15  pounds 
on  every  square  inch.  This  pressure  upon  the  water  in  the  well, 
into  which  the  lower  end  of  the  pump  is  fixed,  forces  the  water 
into  the  tube  2;,  above  its  level,  as  high  as  L 

G,  What  becomes  of  the  air  that  was  in  that  part  of  the  tube  ? 

jP.  You  shall  see  the  operation.  I  put  the  model  into  a  dish  of 
water,  which  now  stands  at  a  level  in  the  tube  z  with  the  water  in 
the  dish.  I  draw  up  the  piston  a,  which  causes  a  vacuum  in  the 
ejlinder  a. 

^.  But  the  valve  v  opens,  and  the  water  has  risen  as  high  as  I, 

F»  Because  when  the  air  was  taken  out  of  the  cylinder  A 
there  was  no  pressure  upon  the  valve  v  to  balance  that  beneath  it ; 
consequently,  the  air  in  the  tube  z  opened  its  valve  v,  and  part 
of  it  rushed  into  A.  But  as  soon  as  part  of  the  air  had  left 
the  tube  z,  the  pressure  of  the  atmosphere  upon  the  water  in 
the  dish  was  greater  than  that  of  the  air  in  the  tube;  and, 
therefore,  by  the  excess  of  pressure,  the  water  is  driven  into  it  as 
high  as  I, 

C  The  valve  v  is  again  shut. 

F.  That  is,  because  the  air  is  diffused  equally  between  the  level 
of  the  water  at  I  and  the  piston  a,  and  therefore  the  pressures  over 
and  under  the  valve  are  equal.  And  the  reason  that  the  water 
riBes  no  hjgher  than  I  is,  that  the  air  in  that  space  is  not  only 
equally  diffiised,  but  is  of  the  same  density  as  the  air  without. 
Push  down  the  piston  a  again. 

^.  I  saw  the  valve  in  the  piston  open. 

F.  For  the  air  between  the  piston  and  valve  v  could  not  escape 
by  any  other  means  than  by  lifting  up  the  valve  in  a.  I  will 
draw  up  the  piston. 

C  The  water  has  risen  now  above  the  valve  v  as  high  as  w. 
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F.  I  dare  say  you  can  tell  the  cause  of  this. 

C.  Is  it  tWs  ?  by  lifting  up  the  piston,  the  air  that  was  between 
I  and  the  valve  v  rushed  into  a,  and  the  external  pressure  of  the 
atmosphere  forced  the  water  after  it. 

F,  And  now  that  portion  of  air  remains  between  the  surface  of 
the  water  m  and  the  piston.  The  next  time  the  piston  is  forced 
down  all  the  air  must  escape,  the  water  will  get  above  the  valve 
in  the  piston,  and,  in  raising  it  up  again,  it  will  be  thrown  out  of 
the  spout. 

E.  Will  the  act  of  throwing  that  out  open  the  lower  valve  agsun, 
and  bring  in  a  fresh  supply  ? 

F»  Yes ;  every  time  the  piston  is  elevated,  the  lower  valve  rises 
and  the  upper  valve  falls  ;  but  every  time  the  piston  is  depressed 
the  lower  valve  falls,  and  the  upper  one  rises. 

E.  This  method  of  raising  water  is  so  simple  and  easy,  that  I 
wonder  people  should  take  the  trouble  of  drawing  water  up  from 
deep  wells,  when  it  might  be  obtained  so  much  easier  by  a  pump. 

F  I  was  going  to  tell  you  that  the  action  of  pumps,  so  beau- 
tiful and  simple  as  it  is,  is  very  limited  in  its  operation.  If  the  water 
in  the  well  be  more  than  32  or  33  feet  from  the  valve  v,  you  may 
pump  for  ever,  but  vdthout  any  effect. 

E.  That  seems  strange ;  but  why  33  feet  in  particular  ? 

F,  I  have  already  t<Jd  you,  that  it  is  the  weight  of  the  atmo- 
sphere which  forces  the  water  into  the  vacuum  of  the  pump.  Now, 
it  this  weight  were  unlimited,  the  action  of  the  pump  would  be 
so  likewise ;  but  the  weight  of  the  atmosphere  is  only  about  14  or 
16  pounds  on  every  square  inch  ;  and  a  column  of  water,  of  about 
33  feet  in  height,  and  whose  surface  is  one  square  inch,  weighs 
also  14  or  15  pounds  ;  as  you  now  know  from  the  computations 
you  made  a  few  days  ago. 

C,  Then  the  weight  of  the  atmosphere  would  balance  or  keep 
in  equilibrio  only  a  column  of  water  33  feet  high,  and  conse- 
quently could  not  support  a  greater  column  of  water,  much  less 
nave  power  to  raise  it  up. 

F.  The  operation  is  effected  entirely  by  the  pressure  of  the 
atmosphere  on  the  surface  of  the  water,  by  which  it  is  forced 
into  tne  space  formerly  occupied  by  the  air.  This  is  not  a 
sudden  operation :  it  requires  many  strokes  of  a  pump  to  with- 
draw as  much  air  as  to  allow  the  water  to  rise  so  many  feet  above 
the  surface. 

E,  A  pump,  then,  would  be  of  no  use  in  the  deep  wells  which 
we  saw  near  the  coast  in  Kent. 

F.  None  at  all ;  the  piston  of  a  pump  should  never  be  set  to 
work  more  than  28  feet  above  the  water,  because,  at  some  periods, 
the  pressure  of  the  atmosphere  is  so  much  less  than  at  others,  that 
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a  column  of  water  something  more  than  28  feet  wil)  be  equal  to 

the  wdght  of  the  »or. 

C.   What  is  the  principle  of  the  centrifugal  pump,  which  raised 

■o  much  water  to  so  great  a  height,  and  which  excited  so  much 

kttentioii  at  the  Great  Exhibition  ? 

F.  It  consists  of  a  hollow  wheel,  traversed  by  vanes.     The 

water  enters  the  wheel  by  the  axb,  which  is  hollow  and  acts  as 

a  tactioa-pipe ;  and  leaves  tlie  wheel  at  the  circumference.     The 

latter  is  partly  enclosed  in  a  kind  of  case,  from  which  a  pijie 
proceeds  upward.  When  the  wheel  is  rotated  in  water,  the  water 
rafwlly  enters  at  the  axis,  and  being  prevented  returning  to  the 
roerrcur  by  the  envelope,  much  of  it  is  forced  to  ascend  the  pipe 
attached  thereto.  Considerable  ingenuity  has  been  exercised 
in  determining  the  most  profitable  form  for  the  vanes.  Appold's 
potup  was  one  foot  in  diameter  j  its  vanes  were  curved  ;  it  held 
oae  gallon,  and  could  dischai^e  its  contents  1400  times  per 
imnute.  It  is  adapted  for  lining  much  water  to  a  moderate 
h^ht  It  lifted  2100  ^^loiis  in  a  minute  8j  feet  high,  and  432 
gaUiMks  26j  feet  high  wiili  about  an  equal   number   of  revolu- 


CONVERSATION  XXIU. 
0/tiie  FcTcing-pamp,  Fire-Engine,  Eope-Fump,  Chain-Pjimp, 
and  Hydraulic  Press. 
C  Why  is  this  called  the  forcing-pump? 
F.  Because  it  not  only  raises  the  water  into 
the  barrel  like  the  common  pump,  but  allerwards 
forcn  it  up  into  the  reservoir  k  k. 

E,  How  is  ^at  operation  performed,  papa  7 

F.  The  pipe  and  barrel  are  the  same  as  m  the 
Other  pump,  but  the  piston  a  has  no  valve  ;  it  is 
solid  and  heavy,  and  made  air-tight,  so  tliat  no 
water  can  get  above  it. 

C.  Does  the  water  come  up  through  the  valve 
a,  as  it  did  in  the  last? 

F.  By  raising  up  the  piston,  or,  as  it  is  gene-  p|    jj_ 

rally  called,  the  plunger,  s,  a  vacuum  is  made  in 
tha  lower  part  of  the  barrel,  into  which,  by  the  pressure  of  the 
air,  the  water  rushes  from  the  well  as  you  see. 

F.  And  the  valve  is  shut  down. 

F.  The  water  not  being  ahle  to  go  bacli  again,  and  beii^a  fluid 
that  iB  nearly  incompressible,  when  the  plunger  is  forced  down, 
escapes  along  the  pipe  u,  and  through  the  valve  h  into  the  vessel  k. 
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C,  Though  the  water  stands  no  higher  than  Ji,  it  flows  through 
the  pipe  r  to  some  height. 

F.  The  pipe  p  i  is  fixed  into  the  top  of  the  vessel,  and  is  made 
air-tight,  so  that  no  air  can  escape  out  of  it  after  the  water  is 
higher  than  t,  the  edge  of  the  pipe. 

E,  Then  the  whole  quantity  of  air,  which  composed  the  space 
F  6,  is  compressed  into  the  smaller  space  h  f. 

F.  You  are  right :  and  therefore  the  extra  pressure  on  the 
water  in  the  vessel  forces  it  through  the  pipe,  as  you  see. 

C,  And  the  greater  the  condensation,  that  is,  the  more  water 
you  force  into  the  vessel  k,  the  higher  the  stream  will  mount. 

F.  Certainly  ;  for  the  forcing  pump  differs  from  the  last  in  this 
respect,  that  there  is  no  limit  to  the  altitude  to  which  water 
may  be  thrown,  since  the  air  may  be  condensed  to  almost  any 
degree. 

.  The  waterworks  that  used  to  exist  at  London  Bridge  exhibited 
a  most  curious  engine,  constructed  upon  the  principle  of  the 
forcing-pump ;  the  wheelwork  was  so  contrived  as  to  move  either 
way,  as  the  water  ran ;  by  these  works,  140,000  hogsheads  of 
water  were  raised  every  day. 

E,  Is  there  any  rule  to  calculate  the  height  to  which  an  engine 
will  throw  water  ? 

F,  If  the  air's  condensation  be  double  that  of  the  atmosphere, 
its  pressure  will  raise  water  33  feet ;  if  the  condensation  be  in- 
creased threefold,  the  water  will  reach  66  feet,  and  so  on,  allow- 
ing the  addition  of  33  feet  in  height  for  every  increase  of  one  to 
the  number  that  expressed  the  air*s  condensation. 

C,  Are  fire-engines  made  in  this  manner  ? 
F,  They  are  sdl  constructed  on  the  same  principle,  but  there 
are  two  barrels,  by  which  water  is  alternately  driven  into  the  air- 
vessels  ;  by  this  means  the  condensation  is  much  greater ;   the 

water  rushes  out  in  a  continued  stream,  and  with 
such  velocity,  that  a  raging  fire  is  rather  dashed 
out  than  extinguished  by  it.  Grarden-engines  are 
also  constructed  on  a  principle  similar  to  that 
which  we  have  been  describing. 

Figure  34  is  the  representation  of  a  method  of 
raising  water  from  wells  of  considerable  depth. 

It  consists  of  three  hair-ropes  passing  over  the 
pulleys  A  and  b,  which  have  three  grooves  in 
each.     The   lower,  pulley  b  is  immersed  in  the 
water,  in  which  it  is  kept  suspended  by  a  weight. 
_      _       The  pulleys  are  turned  round  with  great  velocity 
Ys^lliiT       by  multiplying  wheels,  and  the  cords,  in  their 
ascent^  carry  up  a  considerable  quantity  of  water,  which  they  dis- 
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charge  by  centrifuge  force  into  the  boi  or  reservoir  z,  from 
whence,  by  pipes,  it  may  be  conveyed  elsewhere.  1'he  ropes 
DUist  not  be  more  than  about  an  inch  apart. 

E.  What  is  the  reason  of  that,  papa  ? 

i''.  Because,  in  that  case,  a  sort  of  column  of  water  will  ascend 
between  ihe  ropes,  to  which  it  adheres  by  capillary  attraction, 

E.  Can  any  considerable  quantity  of  water  be  raised  in  this  way  1 
J^,  At  Windsor,  a  pump  of  this  kind  will  raise,  by  the  efforts 

of  one  man,  about  9  gallons  of  water  in  a  minute,  from  a  well  95 
feet  deep.  In  the  beginning  of  motion,  the  column  of  water 
adhering  to  the  rope  is  always  less  than  when  it  has  been  worked 
tor  some  time,  and  the  quantity  continues  to  increase  till  the  sur- 
roundii^  air  partakes  of  its  motion.  There  b  also  another  of  these 
pumps  at  the  same  place,  which  raises  water  from  the  well  in  the 
Round  Tower  178  feet  in  depth.  You  may  see  a  pump  of  this 
kind  in  daily  operation  at  the  Polytechnic  Institution. 

F.  Pray  what  is  a  chain-pump  ? 

F.  It  consists  of  two  square  or  cylindrical  barrels  through  which 
a  chain  passes,  having  a  number  of  flat  pistons  or  valves  GilhI  upon 
it,  at  proper  distances.  The  chain  passes  round  wheel-work,  fixed 
at  one  end  of  the  machine.  A  whole  row  of  the  pistons,  which 
go  free  of  the  sides  of  the  barrel,  is  always  risii^  when  the  pump 
is  at  work ;  and,  as  this  machine  is  generally  worked  with  great 
velocity,  Ihey  bring  up  a  full  bore  of  water  in  the  pump. 

X.  For  what  is  the  chain-pump  chiefly  used  ? 

F.  It  has  been  used  in  the  navy  to  prevent  die  fatal  acddenis 
which  have  sometimes  happened  on  shiplxiard  by  the  choking  of 
pumps  with  valves. 

O.  Is  it  confined  to  nautical  uses  J 

F.  No;  it  is  adapted  to  the  raising  of  water  in  all  situations, 
where  it  happensto  be  mixed  with  sand,  or  other  substances,  which 
destroy  common  pumps,  as  in  aJum-works,  in  mines,  in  quarries, 
&c.  In  this  present  improved  state,  it  is  simple  and  durable,  and 
may  be  made  of  metal  or  wood,  at  a  moderate  expense. 

£.  You  told  us,  some  time  ago,  that 

when  we   had   seen   the   nature    and 

understood  the  construction  of  valves, 

■   you  would  explain  the  action  of  Bra- 

mah's  hydraulic  press. 

F.  This  is  a  good  time  for  the  pur- 
pose, and  with  it  I  shall  conclude  our 
Conver^tions  on  Hydrostatics. 

In  this  figure  e  is  a  strong  cast- 
iron  cylinder,  ground  very  accurately 
within,  that  the   piston  a  may  fit  ex-  *^8-  3*- 
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oeedingly  close  and  well.  I  need  scarcely  tell  you,  that  the  little 
figure  represents  a  forcing-pump,  with  a  solid  plunger  c,  and  a 
valve  Uj  that  opens  upwards,  through  which  the  water  is  brought 
into  the  pipe  o.  By  bringing  down  the  plunger  c,  the  water  in  o  is 
forced  through  the  valve  x  into  the  bottom  of  the  cylinder,  and 
thereby  drives  up  the  plunger  a, 

C,  What  does  m  represent  ? 

F.  A  bundle  of  hay,  or  bag  of  cotton,  or  any  other  substance 
that  it  may  be  desirable  to  bring  into  a  compass  twenty  or  thirty 
times  less  than  it  generally  occupies. 

E.  I  see  now  the  whole  operation :  the  more  water  there  is 
forced  into  o,  the  higher  the  plunger  is  lifted  up,  by  which  the 
substance  m  is  brought  into  a  smaller  space. 

F,  Every  time  the  handle  »  is  lifted  up,  the  water  rushes  in 
from  the  well  or  cbtem,  and  when  it  is  brought  down,  the  water 
must  be  forced  into  the  cylinder.  The  power  of  this  engine  is 
only  limited  by  the  strength  of  the  materials  of  which  it  is  made, 
and  by  the  force  applied  to  it. 

Mr.  Walker  says,  a  single  man  working  at  s  can,  by  a  machine 
of  this  kind,  bring  hay,  cotton,  &c.,  into  twenty  times  less  com- 
pass than  it  was  before;  consequently  a  vessel  carrying  light 
goods  may  be  made  to  contain  twenty  times  more  packages,  by 
means  of  the  hydraulic  press,  than  it  could  without  its  assistance. 

C.  I  have  heard  you  say  that  the  iron  tubes  of  the  great  Menai 
Bridge  were  lifted  into  their  places  by  an  hydraulic  press :  this 
must  have  been  a  most  powerful  machine. 

F,  Indeed  it  was ;  it  is  the  largest  ever  constructed.  The 
ram  is  20  inches  in  diameter,  and  has  a  stroke  of  6  feet.  It  raised 
a  dead  weight  of  1144  tons  one  lift  or  6  feet  in  half  an  hour :  for 
this  it  used  81^  gallons  of  water;  and  the  power  employed  for 
pumping  in  this  supply  was  a  small  steam-engine  of  only  15  horse 
power.  The  press  itself  weighs  60  or  70  tons,  and  was  placed 
above  the  tube,  which  was  suspended  from  it  by  chains.  The 
pressure  on  each  square  inch  of  the  pump  was  about  4  tons,  and  is 
sufficient  to  raise  a  column  of  water  about  5}  miles. 
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CONVERSATION  I. 

OP  THB  NATUBB   OF   AIB. 

Father —  Charles — Emma, 

F,  The  branch  of  natural  philosophy  called  Pneumatics  treats 
of  the  nature,  weight,  pressure,  and  spring  of  the  air  we  breathe, 
and  of  the  several  effects  dependent  upon  these  properties. 

C.  You  told  us,  a  few  days  ago,  that  the  air,  though  invisible, 
is  a  fluid  ;  but  it  surely  di£&rs  much  from  the  fluids  upon  which 
ycra  conversed,  when  treating  of  hydrostatics. 

F,  It  does  so :  but  recollect  the  terms  by  which  we  defined  a 
fluid. 

C,  You  distinguished  a  fluid  as  a  body,  the  parts  of  which  yield 
to  the  least  pressure. 

F.  The  air,  in  which  we  live  and  move,  will  answer  to  this 
definition.  Since  we  are  continually  immersed  in  it,  as  fish  are  in 
water,  if  the  parts  did  not  yield  to  the  least  force,  we  should  be 
constantly  reminded  of  its  presence  by  the  resistance  made  to  our 
bcxiies. 

j&.  In  a  still,  calm  day,  when  one  can  scarcely  discern  a  single 

leaf  in  motion,  it  b  difficult  to  realize  the  existence  of  such  a 

fluid ;  but  when 

Down  at  once, 
Precipitant,  descends  a  mingled  mass 
Of  roaring  winds,  (Thoksow's  Stmmer) 

no  doubt  can  remsdn  of  the  existence  of  some  mighty  unseen 
power. 

C.  But  I  am  not  quite  satisfied  that  the  air  is  such  a  body  as 
you  have  described. 

F,  I  do  not  wish  to  proceed  a  single  step  till  I  have  made  your 
mind  easy  upon  this  head.  You  see  how  easily  these  gold  and 
silver  fish  move  in  the  water ;  can  you  explain  the  reason  of  it? 

C.  Is  it  not  by  the  exertion  of  their  fins  ? 

F,  A  fish  swims  by  the  help  of  his  fins  and  tail ;  and  fish  in 
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general  are  nearly  of  the  same  specific  gravity  as  water.  Take 
away  the  water  from  the  vessel,  and  the  fish  would  have  still  tlie 
use  of  their  fins  and  tail,  at  least  for  a  short  period. 

E,  And  they  would  flounder  about  at  the  bottom. 

F.  Now  consider  the  case  of  birds,  how  they  fly ;  the  swallow, 
for  instance,  glides  as  smoothly  along  in  the  air  as  fish  do  in  the 
water ;  but  if  I  were  to  put  a  bird,  or  even  a  butterfly,  under  a 
glass  receiver,  however  large,  and  take  away  the  air,  they  would 
have  no  more  use  of  their  wings  than  fish  have  of  their  fins  when 
out  of  water.    You  shall  see  the  experiment  in  a  day  or  two. 

E,  And  would  they  die  in  this  situation,  as  fish  die  when  taken 
from  their  natural  element,  the  water  ? 

F,  The  cases  are  precisely  similar.  Some  fish,  as  the  carp,  the 
eel,  and  almost  all  kinds  of  shell-fish,  will  live  a  considerable  time 
out  of  water ;  so  some  creatures,  which  depend  upon  air  for  exist- 
ence, will  live  a  long  time  in  an  exhausted  receiver ;  a  butterfly, 
for  instance,  will  fall  to  the  bottom  apparently  lifeless  :  but  admit 
the  air  again  into  the  receiver,  and  it  will  revive ;  whereas  ex- 
periments have  been  made  on  mice,  rats,  birds,  rabbits,  &c.,  and 
it  is  found  that  they  will  live  without  air  but  a  few  minutes. 

C.  Can  fish  live  in  water  from  which  the  air  is  wholly  ex- 
cluded? 

F,  The  air  is,  in  fact  as  necessary  to  their  existence  as  it  is  to 
ours.  Besides  their  fins,  fish  have  the  use  of  an  air-vessel,  which 
gives  them  full  command  of  their  various  motions  in  all  depths  of 
water,  which  their  fins  without  it  would  not  be  equal  to. 

E,  What  do  you  mean  by  an  air-vessel  ? 

F,  It  is  a  small  bladder  of  air,  so  disposed  within  them,  that  by 
the  assistance  of  their  muscles,  they  are  able  to  contract  and  dilate 
it  at  pleasure.  By  contraction  they  become  specifically  heavier 
than  the  water,  and  sink ;  by  dilatation  they  are  lighter  and  rise 
to  the  surface  more  readily, 

C.  Are  these  operations  effected  by  the  external  air  ? 

F,  Very  much  so :  for  if  you  take  away  the  air  from  the  water 
in  which  a  fish  is  swimming,  it  will  no  longer  have  the  power  of 
contracting  the  air-vessel  within,  which  will  then  become  so  ex- 
panded as  to  keep  it  necessarily  on  the  surface  of  the  water,  evi- 
dently to  its  great  inconvenience  and  pain. 

If  the  air-bladder  of  a  fish  be  pricked  or  broken,  the  fish  pre- 
sently sinks  to  the  bottom,  unable  either  to  support  or  raise  itself 
up  again.  Flat  fishes,  as  soles,  plaice,  &c.,  which  always  lie 
grovelling  at  the  bottom,  have  no  aur-bladder. 
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Of  the  Aw-Puvip. 

E,  You  have  told  us,  papa,  of  taking-  away  the  air  from  vessels ; 
will  you  show  us  how  that  is  perfonnwl  ? 

F.  I  will ;  and  1  believe  it  will  be  the  moat  convincing  method 
of  OTOring  to  you  that  the  air  is  such  a  body  as  I  have  described. 

Tlaa  instrument  is  called  an  air- 
nunp,  and  ila  use  is  to  exhaust  or 
draw  away  the  air  from  any  vessel, 


Tl 


I  act  like  the  ( 


lo  much  so,  that,  if  you  com- 
preuend  the  nature  and  structure  of 
the  one  jou  wiU  find  but  little  diffi- 
culty in  undeislanding  the  other. 
I  wfll,  however,  describe  the  different  Fig.  i. 

parts.  A  A  are  two  strong  bnts  barrels,  within  each  of  which,  at 
the  bottom,  b  fixed  a  valve,  openings  upwards ;  these  valves  com- 
municate with  a  concealed  ppe  that  leads  to  &..  The  barrels 
includealso  moveable  pistons,  with  valves  opening  upwards  ;  in  fact, 
lUte  the  valves  of  the  ordinary  pumpa. 

£.  How  are  they  moved?  , 

F.  To  the  upper  parts  of  the  pistons  is  attached  rackwork,  part 
t»f  which  you  see  at  c  c :  these  racks  are  moved  up  and  down  by 
meaiu  of  a  Uttle  cog-wheel,  turned  round  by  the  handle  a. 

C.  You  turn  the  handle  but  half  way  round. 

F.  And  by  so  doing,  you  perceive  that  one  of  the  racks  rises 
tad  the  other  descends. 

E.  What  is  the  use  of  the  screw  T? 

F.  It  serves  to  readmit  air  into  the  recover  when  it  is  in  a  state 
of  exhaustion  ;  for  without  such  a  contrivance  the  receiver  could 
never  be  moved  out  of  its  place,  after  the  air  was  once  taken  from 
beneath  it ;  but  you  shall  try  for  yourselves.  I  first  place  a  elip 
of  wet  leather,  or  a  llttl^  grease,  under  the  edge  of  the  receiver, 
because  the  brass  plate  is  liable  to  be  scratched,  and  the  smallest 
unevenness  between  the  receiver  and  plate  would  prevent  the 
success  of  our  experiment.  I  have  turned  the  handle  but  a  few 
times ;  try  to  take  away  the  receiver. 

C.  I  cannot  move  it. 

F.  I  dare  say  not ;  for  now  the  greater  part  of  the  air  Is  taken 
from  under  the  receiver,  consequently  it  is  pressed  down  with  the 
weight  of  the  atmosphere  on  the  outside. 
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E.  Pray  explain  how  the  air  was  taken  away. 

F,  By  turning  the  winch  r  half  way  round  I  raised  one  of  the 
pistons,  and  thereby  left  a  vacuum  in  the  lower  part  of  the  barrel, 
and  a  portion  of  the  air  in  the  receiver  rushed  through  the  pipe 
into  the  empty  barrel.  I  then  turned  the  winch  the  other  way, 
which  raised  tne  other  piston ;  and  a  vacuum  would  be  left  in  that 
barrel  did  not  another  portion  of  air  rush  from  the  receiver  into  it. 

C,  When  the  first  piston  descended,  did  the  air  in  the  barrel 
open  the  little  valve,  and  escape  by  the  rack  c  ? 

F,  It  did ;  and  by  the  alternate  working  of  the  pistons,  so  much 
of  the  air  is  taken  away,  that  the  quantity  left  has  not  force  enough 
to  raise  the  valve. 

C  Cannot  you  take  all  the  air  from  the  receiver  ? 

F,  Not  by  means  of  the  air-pump. 

E.  What  is  the  reason  that  a  mist  comes  on  the  inside  of  the 
glass  receiver  while  the  air  is  exhausting  ? 

F,  The  mist  is  watery  vapour.  The  air  is  never  absolutely 
dry ;  it  always  contains  more  or  less  water :  according  to  the 
temperature  or  the  degree  of  rarefaction,  it  is  able  to  take  up  a 
certain  quantity,  and  retain  it  in  #n  invisible  form ;  but  if  this 

Quantity  bo  exceeded,  it  is  manifested  in  the  form  of  vapour, 
a  winter,  for  ^instance,  when  your  breath  mixes  with  the  cold 
air,  the  water  given  off  in  your  breath  becomes  visible,  because 
the  breath  is  chilled,  and  cannot  then  retain  so  much  water  in 
solution :  in  suftimer,  you  do  not  see  your  breath.  So,  in  the 
present  case,  the  air  before  the  pumping  commenced  has  in  it 
no  more  water  than  it  could  dissolve  in  an  invisible  state ;  but  as 
the  pumping  made  the  remaining  air  more  rarefied,  it  could  not 
dissolve  the  same  proportion  of  water.  It  is  explained  by  the 
sudden  expansion  oi  the  air  that  is  left  in  the  receiver. 

C.  You  have  not  told  us  the  use  of  the  smaller  receiver  w,  with 
the  bottle  of  quicksilver  within  it. 

F,  By  means  of  the  concealed  pipe  there  is  a  communication 
between  this  and  the  large  receiver,  and  the  whole  is  intended 
to  show  to  what  degree  the  air  in  the  large  receiver  is  exhausted. 
It  is  called  the  small  barometer-gauge,  the  meaning  of  which 
you  will  better  understand  when  the  struxJture  of  the  barometer  is 
explained.  I  will  now  show  you  an  experiment  or  two,  by  which 
the  resistance  of  the  air  is  clearly  demonstrated. 

E.  Are  these  mills  for  the  purpose  ? 

F,  Yes,  they  are :  the  machine  consists  of  two  sets  of  vanes,  a 
and  &,  made  equally,  and  to  move  on  their  axes  with  the  same 
freedom. 

C,  But  the  vanes  of  a  are  placed  in  the  direction  of  their 
breadth^  and  those  of  5  are  edgewise* 
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F.  They  are  so  placed  to  exhibit  in  a 
(trikii^  manner  the  reaistance  of  the  atmo- 
qjiere ;  for  as  the  little  mill  h  turns,  it  is 
nriated  ooly  in  a  small  degree,  and  will  go 
muDd  a  much  longer  time  than  the  other, 
which,  in  its  revolutions,  meets  the  air  with 
its  whole  surface.  By  means  of  the  spring 
e  resting  against  the  slider  d  in  each  null, 
the  vanes  are  kept  fixed. 

K.  Shall  I  push  down  the  sliders? 

F.  Do  so;  you  see  that  both  set  off  with 
equal  velocities. 

C.  The  mill  a  b  evidently  declining  in 
swiftness,  while  the  other  goes  on  as  quickly  as  ever. 

F.  Not  quite  so ;  fur  in  a  few  minutes  you  will  find  them  both 

Kow  we  will  place  them  under  the  receiver  of  the  aii^pump ; 
and  by  a  little  contrivance,  we  shall  be  able  to  set  the  mills  in 
molkiii  after  the  air  is  exhausted  from  the  receiver ;  and  then, 
as  there  is  no  sen^ble  resistance  against  them,  they  will  both 
move  round  a  considerable  time  longer  than  they  did  in  the  open 
air,  and  the  instant  that  one  stops  the  other  will  stop  also. 

E.  This  experiment  clearly  shows  the  renting  power  of  the 
air. 

F.  It  shows  also  that  its  resistance  is  in  proportion  to  the  sur- 
bee  opposed  to  it:  for  the  vane  which  met  and  divided  the  air 
1^  the  edge  only  continued  to  move  the  longest,  while  they  were 
both  exposed  to  it ;  but  when  that  is  removed,  they  both  stop 
togeUier,  because  there  is  nothing  now  to  retard  their  motion 
but  the  friction  on  the  pivots,  which  is  the  same  in  both  cases. 
Tike  this  shilling  and  a  feather  :  let  them  both  drop  tioin  yonr 
hand  at  the  same  instant. 

C  The  shilling  is  soon  at  rest  at  my  feet,  but  the  feather  con- 
timtes  floating  about.  Is  the  feather  specifjcally  lighter  than 
air? 

F.  No  :  for  if  it  were  it  would  ascend  till  it  found  the  ur  no 
heavier  than  itself;  whereas,  in  a  minute  or  two,  you  will  see 
the  feather  on  the  floor  as  well  as  the  sbiiling :  it  is,  however, 
so  light,  and  presents  so  large  a  aur&ce  to  the  air,  in  comparison 
to  its  weight,  that  it  is  considerably  longer  in  falling  to  the 
ground  thui  heavier  bodies,  such  as  a  shilling  or  a  guinea.  Take 
away  the  resisting  medium,  and  they  will  both  reach  the  bottom 

E.  How  will  you  do  that? 

F,  Upon  this  brass  flap  I  [dace  the  shiUmg  and  the  feather. 
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and  basing  turned  up  the  flap,  and  shut  it  into 
a  small  notch,  I  fix  the  whole  in  a  smali  re- 
ceiver, with  some  tallow  grease  between  the 
receiver  and  brass.  I  will  aovi  exhaust  the 
air  from  under  the  receiver,  by  placing  it  over 
the  air-pump,  and  if  I  turn  the  wire  /  a  little, 
the  flap  will  slip  down,  and  the  shilling  and  feather 
will  fall  with  equal  velocities. 

C.  They  arc  both  at  [he  bottom,  but  I  did 
not  see  them  fall. 

F.  While  I  repeat  the  expciiment,  yoa  must 
look  steadfastly  to  the  bottom,  becausi^  the  mo- 
tiou  b  too  rapid  aiid  the  distance  too  snull  for 
you  to  trace  their  motion  ;  but  by  keeping  your 
eye  at  the  bottom,  you  will  see  the  feather  and 
Bhilline  arrive  at  the  same  instant. 

In  this  glass  tube  is  some  water,  but  the  ail 
is  taken  awa^,  and  the  glass  completely  closed. 
^  Turn  it  up  quickly,  eo  that  the  water  may  lall  on 

the  other  end. 

1£.  It  makes  a  noise  like  the  stroke  of  a  hammer. 
F.  And  for  that  reason  it  is  usually  called  the  philoso- 
phical hammer.     The  noise  is  occasioned  through  the  want 
of  air  Co  break  the  tall  ;  for  if  I  take  another  glass,  in  all 
rcspecis  like  it,  but  having  the  air  inclosed  in  it,  as  well  as 
water,  you  may  turn  it  as  ofien  as  you  please  with  hardly 
p.    .       0.  Perhaps   the   air   breaks  the   fidl   of  the   water   by 
*'     dividing  its  particles. 

F.  It  acts,  with  respect  to  water,  as  water  acta  with  regard  to 
the  fall  of  any  other  suDstance  thrown  into  it :  it  impedes  the  Telo- 
city of  the  falling  body. 


CONVERSATION  HI. 

0/  the  Hhrricellian  Experiment. 

C.  If,  by  means  of  the  sir-pump,  you  cannot  perfectly  eihaiut 
the  air  from  any  vessel,  by  what  means  is  it  done  1 

-F.  If  I  fill  this  glass  tube,  which  is  36  inches  long,  with  mer- 
cury, and,  having  placed  my  finger  on  the  end  to  prevent  the 
mercury  escaping,  thrust  it  into  a  cup  of  mercury,  you  will 
observe  that  soma  of  the  quicksilver  runs  out,  and  six  or  seven 
inches  of  the  tube  are  left  free  of  mercury.  There  is  no  air 
present  in  that  space  except  the  small  portion  that  ha^  been 
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present  among  the  mercury.  But  if,  further,  I  had  taken  the 
precaution  to*have  boiled  the  mercury,  both  before  placing  it  in 
the  tube,  and  also  when  in  the  tube,  so  as  to  have  expelled  from 
it  all  air,  the  space  would  be  free  of  air,  and  thus  far  a  perfect 
▼acaum. 

E,  Could  not  the  air  get  in  when  you  took  away  your  thumb  ? 

F,  You  saw  that  I  did  not  remove  my  thumb  till  the  open  end 
of  the  tube  was  wholly  under  the  quicksilver ;  therefore  no  air 
oould  get  into  the  tube  without  first  descending  through  the 
quicksuyer :  now  you  know  that  a  lighter  fluid  will  not  usually 
descend  through  one  that  is  heavier,  but  unless  the  mercury  is 
bcnled  in  the  tube  the  air  is  liable  to  creep  up  between  the  glass 
and  mercury,  and  thus  destroy  the  Torricellian  vacuum. 

C  What  makes  the  quicksilver  stand  at  that  particular 
hdght? 

.P.  Before  I  answer  this,  tell  me  the  reason  why  water  cannot 
be  raised  by  means  of  a  common  pump  higher  than  about  32  or 
33  feet? 

C.  Because  the  pressure  of  the  atmosphere  is  equal  to  the 
pressure  of  a  column  of  water  so  many  feet  in  height.* 

J^.  And  the  pressure  of  a  column  of  quicksilver  29  or  30 
inches  long,  a  little  more  or  less,  according  to  the  variation  of  the 
air,  is  equal  to  the  pressure  of  a  column  of  water  32  or  33  feet 
high,  and  consequently  equal  to  the  pressure  of  the  whole  height 
of  the  atmosphere. 

E,  Is  then  the  mercury  in  the  tube  kept  suspended  by  the 
weight  of  the  air  pressing  on  that  in  the  cup  ? 

F.  It  is. 

E,  If  you  could  take  away  the  air  from  the  cup,  would  the 
quicksilver  descend  in  the  tube  ? 

F,  If  I  had  a  receiver  long  enough  to  enclose  the  cup  and  tube, 
and  were  to  place  them  on  the  air-pump,  you  could  see  the  effect 
that  a  single  turn  of  the  handle  would  have  on  the  mercury ;  and, 
after  a  very  few  turns,  the  quicksilver  in  the  tube  would  be  nearly 
on  a  level  with  that  in  the  cup. 

I  can  show  you,  by  means  of  this  syringe,  that  the  suspension 
of  the  quicksilver  in  the  tube  is  owing  to  nothing  but  the  pressure 
of  the  air. 

C.  What  is  the  structure  of  the  syringe  ? 

F,  If  you  understand  in  what  manner  a  common  water-squirt 
acts,  you  will  be  able  to  comprehend  the  syringe,  which  is  made 
like  it. 

C.  By  dipping  the  small  end  of  a  squirt  in  water,  and  lifting  up 

*  See  Hydrostatics,  Conversation  XXII> 


222 


PNEUMATICS. 


the  handle  a  vacuum  is  made,  arid  then  the  pressure  of  the  air  on 

the  surface  of  the  water  forces  it  into  the  squirt. 

F,  That  is  the  proper  explanation.  This  vessel 
Dy  containing  some  quicksilver,  and  the  small  tube 
^/y  38  inches  long,  open  at  both  ends,  immersed  in 
it,  are  placed  under  a  large  receiver  a  b  ;  the  brass 
plate  c,  put  upon  it  with  a  piece  of  wet  leather, 
admits  the  small  tube  to  pass  through  it  at  e.  I 
will  now  screw  the  syringe  h  on  the  tube  g  /,  and, 
by  lifting  up  the  handle  i,  a  partial  vacuum  is  made 
in  the  tube  ;  consequently  the  pressure  of  the  air  in 
the  receiver  upon  the  mercury  in  the  cup  d  forces 
it  up  into  the  little  tube  as  high  as  x^  just  in  the 
same  manner  as  water  follows  the  piston  in  a  com- 
mon pump.  > 

E,  But  is 'not  this  rise  of  the  quicksilver  in  the 
tube  owing  to  the  suction  of  the  syringe  ? 

F.  To  prove  to  you  that  it  is  not,  I  place  the 
whole  apparatus  over  the  air-pump,  and  exhaust 
the  air  out  of  the  receiver  A  b.  This  operation,  you 
must  be  sensible,  has  not  the  smallest  effect  on  the 

air  in  the  syringe  and  little  tube ;  but  you  nevertheless  observe, 
that  the  mercury  has  again  fallen  into  the  cup  d  ;  and  the  syringe 
might  now  be  worked  for  ever  without  raising  the  mercury  in  the 
tube  ;  but  admit  the  air  into  the  receiver,  and  its  action  upon  the 
surface  of  the  quicksilver  in  the  cup  will  force  it  instantly  into 
the  tube. 

This  is  called  the  Torricellian  experiment,  in  honour  of  Torri- 
oelli,  a  learned  Italian,  and  a  disciple  of  Galileo,  who  invented  it, 
and  who  was  the  first  person  that  discovered  the  pressure  and, 
weight  of  the  air. 


Iiliui' 


Fig.  6. 
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CONVERSATION  IV. 

Of  tJie  Pressure  of  the  Air, 

It  seems  very  surprising  that  the  air,  which  is  invisible, 
should  produce  such  effects  as  you  have  described. 

F.  You  have  seen  some  effects  in  proof  of  this ;  you 
shall  now  feel  some  proof.  Place  this  glass  a  b,  open 
at  both  ends,  over  the  hole  of  the  pump  plate,  and  lay 
your  hand  close  upon  the  top  b,  while  I  turn  the 
handle  of  a  pump  a  few  times. 

It  hurts  me  very  much :  I  cannot  take  my  hand  away. 

By  letting  in  the  air  I  have  released  you.    The  pain  was 
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occasioned  by  the  pressure  of  the  air  on  the  outside  of  your  hand, 
that  being  taken  away  from  under  it  which  served  to  counter- 
balance its  weight. 

This  is  a  larger  glass  of  the  same  kind ;  over  the 
hrge  end  I  tie  a  piece  of  wet  bladder,  6,  very  tight, 
and  will  place  it  on  the  pump,  and  take  the  air  from 
under  it. 

JE,  Is  it  the  weight  of  the  air  that  bends  the 
bladder  so  much  ? 

F,  Certainly :  and  if  I  turn  the  handle  a  few  more 
times  it  will  burst. 

C,  It  has  made  a  report  as  loud  as  a  gun. 

I^.  A  piece  of  thin  flat  glass  may  be  broken  in 
the  same  manner.  Here  is  a  glass  bubble  with  a 
long  neck ;  which  I  put  into  a  cup  of  water  b,  and 
place  them  under  a  receiver  on  the  plate  of  the 
air-pump,  and,  by  turning  the  handle,  the  air  is  not 
only  taken  from  the  receiver,  but  that  in  the  hollow 
glass  ball  will  make  its  way  through  the  water  and 
escape. 

^.  Is  it  the  air  which  occasions  the  bubbles  at  the  surface  of 
the  water  ? 

F.  It  is.  Now  the  bubbling  is  stopped,  and  therefore  I 
know  that  as  much  of  the  air  is  taken  away  as  can  be  got  out  by 
means  of  the  pump.  The  hollow  ball  is  still  empty ;  but  by  turn- 
ing the  screw  v  of  the  pump  (fig.  1),  the  air  rushes  into  the 
receiver  and  presses  upon  the  water,  thereby  filling  the  ball  with 
the  fluid. 

0,  It  is  not  quite  full. 

F,  That  is  because  the  air  could  not  be  perfectly  exhausted, 
and  the  little  bubble  of  air  at  the  top  is  what,  in  its  expanded 
state,  filled  the  whole  glass  ball,  and  now,  by  the  pressure  of  the 
external  air,  it  is  reduced  into  the  size  you  see  it. 

Another  very  simple  experiment  will  convince 
you  that  suction  has  nothing  to  do  with  these  ex- 
periments. On  the  leather  of  the  air-pump,  at  a 
little  distance  from  the  hole,  I  place  lightly  this 
small  receiver  x,  and  pour  a  spoonful  or  two  of 
water  round  the  edge  of  it.  I  now  cover  it  with  a 
larger  receiver  A  b,  and  exhaust  the  air. 

F.  I  see  by  the  bubbles  round  the  edge  of  the 
small  receiver  that  the  air  is  making  its  way  from  under  it. 

F.  I  have  pretty  well  exhausted  all  the  air ;  can  you  move  the 
large  receiver. 

C.  No  ;  but  by  shaking  the  pump  I  see  the  little  one  is  loose. 


Fig.  9. 
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F,  The  large  one  is  rendered  immovable  by  the  pressure  of 
the  external  air.  But  the  air  being  taken  from  the  inside  of 
both  glasses^  there  is  nothing  to  fasten  down  the  smaller 
receiver. 

E,  But  if  suction  had  anything  to  do  with  this  business,  the 
little  receiver  would  be  fast,  as  well  as  the  other. 

F,  Turn  the  screw  v  of  the  air-pump  (fig.  1)  quickly.  You 
hear  the  air  rushing  in  with  violence. 

C.  And  the  large  receiver  is  loosened  again. 
F,  Take  away  the  smaller  one,  Emma. 

E,  I  cannot  move  it  with  all  my  strength. 

F,  Nor  could  you  lift  it  up  if  you  were  much  stronger  than 
you  are.  For  by  admitting  the  air  very  speedily  into  the  (large 
receiver,  it  pressed  down  the  little  one  before  any  air  could  ge't 
underneath  it. 

C.  Besides,  I  imagine  you  ijut  the  water  round  the  edge  of 
the  glass  to  prevent  the  air  from  rushing  between  it  and  the 
leather. 

F,  You  are  right;  for  air,  being  the  lighter  fluid,  could  not 
descend  through  the  layer  of  water  in  order  to  ascend  into  the 
receiver.     Could  suction  produce  the  effect  in  this  experiment  ? 

C,  I  think  not ;  because  the  little  receiver  was  not  fixed  till 
after  what  might  be  thought  suction  had  ceased  to  act. 

E,  How  will  you  get  the  small  one  away  ? 

F,  As  I  cannot  raise  it,  I  must  slide  it  over  the  hole  in  the 
brass  plate;  and  now  the  air  gets  under  it  there  is  not  the 
smallest  difficulty. 

CONVERSATION  V. 

Of  the  Pressure  of  the  Air, 

C.  I  think  I  know  an  instance  in  which  suction  operates.  It  is 
an  experiment  that  I  have  made  many  times. 

I  fasten  a  string  in  the  centre  of  a  round  piece  of  leather, 
which  has  been  thoroughly  soaked  in  water,  I  press  it  on  a 
flat  stone,  and  by  pulling  at  the  string  the  leather  draws  up  the 
stone,  although  it  be  not  more  than  two  or  three  inches  in  diameter, 
and  the  stone  weighs  several  pounds.     Surely  this  is  suction. 

F,  I  should  say  so  too,  if  I  could  not  account  for  it  by  the 
pressure  of  the  atmosphere.  By  pressing  the  wet  leather  on  the 
stone  you  displace  the  air,  then  by  pulling  the  string  a  vacuum  is 
left  at  the  centre,  and  the  pressure  of  the  air  about  the  edges  of 
the  leather  is  so  great,  that  it  requires  a  greater  power  than  the 
gravity  of  the  stone  to  separate  them. 
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-  I  have  seen  you  drink  water  from  a  spring  by  means  of  a  hollow 
straw. 

JE.  Yes ;  that  is  another  instance  of  what  we  have  been  accus- 
tomed to  call  suction. 

F,  But  now  you  know  that  in  this  operation  you  make  a 
syringe  with  the  straw  and  your  lips,  and  by  drawing  in  your 
breath  you  cause  a  vacuum  in  the  hollow  straw  tube,  and  the 
pressure  of  the  air  on  the  water  in  the  spring  forces  it  up  through 
the  straw  into  the  mouth. 

C,  I  cannot,  however,  help  thinking  that  this  looks  like  suc- 
tion, for  the  moment  I  cease  drawing  in  my  breath,  the  water 
ceases  to  rise  in  my  mouth. 

J^.  That  is  because,  when  there  is  no  longer  a  vacuum  in  the 
straw,  the  pressure  within  is  just  equal  to  that  without,  and  con- 

Tently  the  water  will  rest  at  its  natural  level, 
will  show  you  another  striking  in- 
stance of  the  effects  of  the  air's  pressure. 
This  instrument  is  called  the  transferrer. 
The  screw  c  fits  on  the  plate  of  the  air- 
pump,  and  by  means  of  the  stopcocks  g 
and  H,  I  can  take  away  the  air  from  both 
or  either  of  the  receivers  i,  k  at  pleasure. 

E.  Is  there  a  channel  then  running 
from  c  through  dab,  and  thence  passing 
to  the  receivers  ? 

F.  There  is.  I  will  screw  the  whole 
on  the  air  pump,  and  turn  the  cock  g  so 
that  there  is  now  no  communication  from 
c  to  the  internal  part  of  the  receiver  i.  At  present  you  observe 
that  both  the  receivers  are  perfectly  free.  By  turning  the  handle 
of  the  pump  a  few  times,  the  air  is  taken  away  from  the  receiver 
K,  and  to  prevent  its  re-entrance,  I  turn  the  stopcock  d.  Try  if 
you  can  move  it. 

C.  I  cannot ;  but  the  other  is  loose. 

F,  The  pressure  of  the  atmosphere  is  evidently  the  same  on 
the  two  receivers ;  but  with  regard  to  the  glass  i,  the  pressure 
iinthin  is  equal  to  that  without,  and  the  glass  is  free :  in  the  other, 
the  pressure  from  within  is  taken  away,  and  the  glass  is  fixed.  In 
this  state  of  the  experiment  you  are  satisfied  that  there  is  a  vacuum 
in  the  receiver  k.  By  turning  the  cock  g,  I  open  a  communi- 
cation between  the  two  receivers,  and  you  hear  the  air  that  was 
in  1  rush  through  the  channel  A  b  into  k.    Now  try  to  move  the 


Fig.  10. 


F,  They  are  both  fixed ;  how  is  this  ? 

F.  The  idr  that  was  inclosed  in  the  glass  i  is  equally  diffused 
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between  the  two,  consequently  the  internal  pressure  of  neither 
is  equal  to  the  external,  and  therefore  they  are  both  fixed  by 
the  excess  of  the  external  pressure  over  the  internal.  In  this 
case  it  could  not  be  suction  that  fixed  the  glass  i,  for  it  was 
free  long  after  what  might  have  been  thought  suction  had  ceased 
to  act 

C,  What  are  these  brass  cups  ? 

F,  They  are  called  the  Magdehourg 
hemispheres  ;  I  will  bring  the  two,  b  a 
(fig.  11)  together,  with  wet  weather 
between  them,  and  then  screw  them  by  d 
to  the  plate  of  the  air-pump ;  and  having 
exhausted  the  air  from  the  inside,  I 
turn  the  stopcock  e,  take  them  from  the 
pump,  and  screw  on  the  handle  r.  Try 
if  you  two  can  separate  them. 
A  We  cannot  stir  them, 
ng.  11.  Fig.  12.  j^  jf  ^jjg  diameter  of  these  cups  were 

four  inches,  the  pressure  to  be  overcome  would  be  equal  to  180  lbs. 
I  will  now  hang  them  up  in  the  receiver  and  exhaust  the  air  out 
of  it  (fig.  12),  and  you  see  they  separate  without  the  application 
of  any  force. 

(7.  Now  there  is  no  pressure  on  the  outside,  and  therefore  the 
lower  cup  falls  off  by  its  own  gravity. 

F,  With  the  steelyard  (fig.  13)  you  may  ascertain  very  accu- 
rately what  weight  the  pressure  of  the  atmosphere  against  the  cups 
is  equal  to,* 

E.  For  when  the  weight  w  is  carried  far  enough  to  overcome 
the  pressure  on  the  9ups,  it  lifts  up  the  top  one. 

F.  I  have  exhausted  the  air  of  this  receiver  h  (fig.  14),  con- 
sequently it  is  fixed  down  to  the  brass  plate  i ;  to  the  plate  is 
joined  a  small  tube  with  a  stopcock  x  ;  by  placing  the  lower  end 
of  the  tube  in  a  basin  of  water,  and  turning  the  cock,  the  pressure 
of  the  atmosphere  on  the  water  in  the  basin  forces  it  through  the 
tube  in  the  form  of  a  fountain.  This  is  called  the  fountsun  in 
vacuo. 

To  the  little  square  bottle  A  h  (fig.  15)  is  cemented  a  screw 
valve,  by  which  I  can  fix  it  on  the  plate  of  the  air-pump,  and  ex- 
haust its  air ;  and  you  will  see  that  when  there  is  no  power  within 
to  support  the  pressure  of  the  atmosphere  from  without,  it  will  be 
broken  into  a  thousand  pieces. 

C.  Why  did  you  not  use  a  round  phial  ? 

F.  Because  one  of  that  shape  would  have  sustained  the  pres* 
sure  like  an  arch. 
#  The  principle  of  the  steelyard  is  explained  in  Mechanics,  ConversatioD  XY. 
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Fig.  13. 


Fig.  16. 


Fig.  14. 


JS,  Is  that  the  reason  why  the  glass  receivers  are  able  to  bear 
such  a  weight  without  breaking  ? 

F,  It  is.  If  mercury  be  poured  into  a  wooden  cup  c, 
made  of  willow  or  ash,  or  a  stem  of  thorn,  and  the  air, 
taken  from  under  it,  the  mercury  will,  by  the  weight  of 
the  external  air,  be  forced  through  the  pores  of  the  wood, 
and  descend  like  a  shower  of  rain.  

C,  This  is  a  very  interesting  and  beautiful  experiment ;    Fig.  16. 
proving  satisfactonly  the  great  pressure  of  the  atmosphere. 

F,  But  there  is  a  far  more  astounding  illustration  than  this  in 
the  Atmospheric  Railway. 

C.  Oh,  papa !  I  am  so  glad  that  you  mention  that ;  for  I 'have 
so  often  wished  to  know  why  it  is  called  the  Atmospheric  Railway. 

F,  You  will  soon  see  why,  when  I  have  described  it.  You 
noticed  how  the  pressure  of  the  atmosphere  burst  the  bladder 
(%.  6)  as  soon  as  I  had  removed  the  air  from  the  other  side 
of  it;  I  will  now  make  a  somewhat  similar  experiment  by 
placing  a  glass  tube  on  the  air-pump  with  a  well-snaped  cork  in 
its  upper  end ;  you  see  what  happens :  as  soon  as  I  take  away  air 
from  below  the  cork,  the  pressure  of  the  atmosphere  forces  the 
cork  into  the  tube,  and  it  moves  along  on  the  inside  until  it 
reaches  the  lower  end.  Now  if  the  surface  of  the  cork  had  been  a 
square  inch,  and  there  had  not  been  much  friction,  with  what 
force  would  it  have  been  driven  down  ? 

C,  With  a  pressure  equal  to  15  lbs. 

F.  Yes ;  and  therefore  it  could  have  drawn  along  a  weight  of 
15  lbs.  But  if  this  weight  were  placed  on  wheels,  and  the  wheels 
moved  on  a  smooth  surface,  it  could  have  been  moved  far  more 
readily,  on  account  of  the  favourable  manner  of  applying  the  force. 
Here,  then,  you  have  the  atmospheric  railway  in  miniature. 

C.  Yes,  papa ;  but  then  it  must  require  a  very  large  tube  to 
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draw  a  tnun  of  carriages  weighing,  as  they  do,  many  tons  ;  because 
the  pressure  is  still  only  15  lbs.  on  a  square  inch  when  there  is  a 
perfect  vacuum. 

F,  I  am  pleased  to  hear  these  objections,  because  it  shows  that 
you  understand  the  subject ;  now  it  is  found  that  a  force  of  less 
than  20  lbs.  will  move  a  ton  on  wheels  on  a  smooth  surface  like  a 
railroad,  so  that  you  have  merely  to  get  the  area  of  the  piston  and 
divide  by  20,  and  you  get  a  rough  idea  of  the  number  of  tons  that 
can  be  drawn. 

E.  But  dear  papa,  it  is  all  very  easy  to  understand  the  cork 
being  drawn  along  m  the  glass  tube,  and  pulling  after  it  anything 
attached  ;  but  how  can  a  piston  moving  in  a  tube  a  mile  or  two  in 
length  be  attached  to  the  carriages  ? 

F,  You  have  visited  the  Polytechnic  and  seen  the  model  there ; 
and  took  a  trip  to  Croydon  when  the  atmospheric  line  existed. 
Between  the  rails  is  fixed  an  iron  tube  18  inches  in  diameter;  a 
slit,  an  inch  or  two  wide,  passes  along  the  upper  side  of  the  groove. 
This  slit  is  closed  by  a  leathern  flap  armed  with  metaly  which  is 
fixed  to  one  side  of  the  slit  by  a  kind  of  hinge,  and  shuts  upon  the 
other  like  a  door.  Charles,  go  outside  the  door  and  thrust  in  my 
cane,  while  Emma  shuts  the  door  upon  the  cane ;  now  move  the 
cane  up  and  down,  and  if  Emma  holds  it,  her  hand  is  moved  by 
you :  now  fancy  Charles's  hand  to  be  the  piston  and  Emma's  to 
be  the  first  carriage,  and  you  get  some  idea  of  the  mode  of  apply- 
ing the  force. 

(7.  Ay,  papa,  now  I  see  ;  but  our  parlour  door,  or  valve,  for 
doors  are  just  like  valves,  and  are  sometimes  called  so,  being  of 
wood,  is  open  all  the  way  ;  but  the  leather  valve  would  be  open 
only  a  little  on  each  side  the  piston  ;  so  that  a  very  little  ma- 
nagement would  keep  the  tube  air-tight. 

F,  This  is  not  only  the  valve  that  has  been  proposed,  but  I 
believe  is  the  only  one  which  is  actually  worked.  I  suppose  I 
need  scarcely  tell  you  that  the  air  is  exhausted  by  large  air-pumps, 
worked  by  steam-engines. 


CONVERSATION  VI. 

Of  the  Weight  of  Air, 

E.  We  have  seen  the  surprising  effects  of  the  pressure  of  the 
air  ;  are  there  any  means  of  obtaining  the  exact  weight  of  air  ? 

F,  If  you  do  not  require  any  very  great  nicety,  the  method  is 
very  simple. 

This  Florence  flask  is  fitted  up  with  a  screw,  and  a  fine  oiled 
silk  yaJve  at  d.    I  will  now  screw  the  flask  on  the  plate  of  the  air^ 


WEIGHT   OP   AIR.  229 

pimp,  and  exhaust  the  air.    You  see,  in  its  present  exhausted  state, 
It  weighs  3  ounces  and  5  grains. 

C,  Cannot  the  air  get  through  the  silk  ? 

F*  The  silk,  being  varnished  with  a  kind 
of  oily  substance,  is  impenetrable  to  air  ;  and 
being  exhausted,  the  pressure  upon  the  out- 
side effectually  prevents  the  entrance  of  the 

air  by  the  edges  of  the  silk ;  but  if  I  lift  it    

up  by  means  of  this  sewing-needle,  you  will  Fig.  17. 

hear  the  air  rush  in. 

E,  Is  that  hissing  noise  occasioned  by  the  re-entrance  of  the 
air? 

F,  It  is ;  and  when  that  ceases,  you  may  be  sure  the  air  within 
the  bottle  is  of  the  same  density  as  that  without. 

C,  If  I  weigh  it  again,  the  difference  between  the  weight  now, 
and  when  you  tried  it  before,  is  the  weight  of  the  quantity  of 
MT  contained  in  the  bottle :  it  weighs  very  accurately  3  ounces 
19J  grains,  consequently  the  air  weighs  14i  grains. 

F,  And  the  flask  holds  a  quart,  wine  measure. 

F,  Does  a  quart  of  air  always  weigh  14J  grains  ? 

F.  The  weight  of  the  air  is  perpetually  changing ;  therefore, 
though  a  quart  of  it  collected  on  the  surface  of  the  earth  weighs 
to-day  14|  grains,  the  same  quantity  may,  in  a  few  hours,  weigh 
14^-  grains,  or  perhaps  only  14  grains,  more  or  less. 

C  You  intimated  that,  in  weighing  the  air,  the  flask  could  not 
be  depended  upon,  if  great  nicety  were  required ;  what  is  the 
reason  of  that  ? 

F,  I  told  you,  when  explaining  the  operations  of  the  air-pump, 
that  it  was  impossible  to  obtain,  by  means  of  that  instrument,  a 
perfect  vacuum.  The  want  of  accuracy  in  the  flask  experiment 
depends  on  the  small  quantity  of  air  that  is  left  in  the  vessel  after 
the  exhaustion  is  carried  as  far  as  it  will  go  :  this,  however,  if  the 
pump  be  good,  will,  after  twelve  turns  of  the  handle,  be  less  than 
the  4000th  part  of  the  whole  quantity. 

E,  How  do  you  know  this  ? 

F,  You  seem  unwilling  to  take  anything  for  granted  ;  and  in 
subjects  of  this  kind  you  do  right  never  to  rest  satisfied  without  a 
reason  for  what  is  asserted. 

I  suppose,  then,  each  of  the  barrels  of  the  air-pump  is  equal 
in  capacity  to  the  flask ;  that  is,  each  will  contain  a  quart ;  then 
it  is  evident,  that  by  turning  the  handle  of  the  pump,  I  exhaust 
all  the  air  of  one  barrel,  and  the  air  in  the  flask  becomes  at  the 
same  time  equally  diflused  between  the  barrel  and  flask ;  that  is, 
the  quart  is  now  divided  into  two  equal  parts,  one  of  which  is  in 
the  flask,  and  the  other  in  the  barrel.     By  the  same  reason,  at  the 
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next  turn  of  the  handle,  the  pint  in  the  flask  will  be  reduced  to 
half  a  pint ;  and  so  it  will  go  on  decreasing,  by  taking  away  at 
every  turn  one  half  of  the  quantity  that  was  left  in  by  the  last 
turn ;  and  after  the  second,  third,  and  fourth  turns,  it  is  four, 
eight,  and  sixteen  times  as  rare  as  it  was  when  you  began ;  and 
after  the  twelfth  turn  it  is  4096  times  more  rare  than  it  was  at 
first ;  so  that  the  error  is  only  equal  to  the  4096th  part  of  the 
whole,  which  quantity  may,  in  reasoning  on  the  subject,  be  over- 
looked.— I  will  again  exhaust  the  air  from  the  flask,  and,  putting 
the  neck  of  it  under  water,  I  will  lift  up  the  silk  valve  and  fill  it 
with  water.    Now  dry  the  outside  very  thoroughly  and  weigh  it. 

C.  It  weighs  27  ounces. 

F.  Subtract  the  weight  of  the  flask,  and  reduce  the  remainder 
into  grains,  and  divide  by  14|,  and  you  will  obtain  the  specific 
gravity  of  water  compared  with  that  of  air. 

C,  I  have  done  it,  and  obtain  something  more  than  800. 

F,  At  the  temperature  of  32°  with  the  barometer  standing  at 
30  inches,  it  has  been  found  by  accurate  experiments,  that  water 
is  773*28  times  heavier  than  air. 

Can  you  tell  me  what  the  air  in  this  room  weighs  ?  the  length 
of  the  room  is  25  feet,  the  height  10^,  and  the  width  12^. 

F,  I  multiply  these  three  numbers  together,  and  the  answer 
is  3281*25;  or  the  room  contains  a  little  more  than  3281  cubic 
feet :  now  a  cubic  foot  of  water  weighs  nearly  1000  ounces ; 
therefore  the  weight  of  the  roomful  of  water  would  be  3,281,000 
ounces;  but  air  being  nearly  800  times  lighter  than  water, 
the  air  in  the  room  will  weigh  3,281,000-7-800  =  4101  oz.  = 
256  lb.  5  oz.  It  seems,  however,  surprising  that  the  air,  which 
is  invisible,  should  weigh  so  much,  though  I  cannot  doubt  the 
fact  after  this  computation,  founded,  as  it  is,  on  careful  experi- 
ments. 


CONVERSATION  VII. 

On  the  Elasticity  of  Air, 

F,  I  have  told  you  that  air  is  an  elastic  fluid.  Now  it  is  the 
nature  of  all  elastic  bodies  to  yield  to  pressure,  and  to  endeavour 
to  regain  their  former  figure  as  soon  as  the  pressure  is  taken  ofl*. 
In  projecting  an  arrow  from  your  bow,  you  exert  your  strength  to 
bring  the  two  ends  of  the  bow  near  together,  but  the  moment  you 
let  go  the  strings,  it  recovers  its  former  shape  :  the  power  by  which 
this  is  effected  is  called  elasticity, 

E,  Is  it  not  by  this  power  that  India  Rubber,  after  it  has  been 
stretched,  recovers  its  usual  size  and  form  ? 
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JT.  It  is :  and  almost  everything  that  you  make  use  'of  pos- 
sesses this  property  in  a  greater  or  lesser  degree  :  balls,  marbles, 
the  chords  of  musical  instruments,  are  all  elastic,  to  a  certain 
extent. 

C,  I  understand  how  all  these  things  are  elastic ;  but  do  not  see 
in  what  manner  you  can  prove  the  elasticity  of  the  air.* 

F.  Here  is  a  bladder,  which  we  will  fill  with  air,  and  tie  up  the 
mouth  to  prevent  it  escaping  again.  If  vou  now  press  upon  the 
bladder  with  your  hands,  the  figure  will  be  changed ;  but  the 
moment  the  pressure  is  removed,  it  recovers  its  round  shape. 

E,  And  if  I  throw  the  bladder  on  the  ground,  or  against  any 
other  obstacle,  it  rebounds  like  a  ball  or  marble. 

F,  Let  us  now  have  recourse  to  the  air-pump  to  exhibit  some  of 
the  more  striking  effects  of  the  air*s  elasticity.  I  will  let  a  part  of 
the  air  out  of  the  bladder,  and  tie  up  the  mouth  again.  It  is  now 
flaccid,  and  you  may  make  what  impression  you  please  upon  it, 
but  the  bladder  does  not  assume  its  former  figure. 

E,  What  proof  is  there  that  this  is  owing  to  the  external  pres- 
sure of^he  air  ? 

F.  Race  it  under  the  receiver  of  the  air-pump,  exhaust  the  air, 
and  see  the  result. 

C.  The  bladder  begins  to  swell  out ;  and  now  it  is  as  large  as 
when  it  was  blown  out  full  of  air. 

F.  The  outward  pressure  being  in  part  removed,  the  particles 
of  air,  by  their  elasticity,  expand  and  fill  up  the  bladder ;  and  if 
it  were  much  larger,  and  the  exhaustion  were  carried  farther,  the 
same  small  quantity  of  air  would  fill  it  completely.  I  will  now  let 
the  air  in  again. 

E,  This  exhibits  a  very  striking  proof  of  the  power  and  pres- 
sure of  the  external  air,  for  the  bladder  is  as  flaccid  as  it  was 
before. 

F,  I  place  the  same  bladder  into  this  square  box  without  any 
alteration,  and  place  upon  it  a  movable  lid,  upon  which  I  put  this 
weight.  By  bringing  the  whole  under  a  receiver,  and  exhausting^ 
the  external  air,  the  elasticity  of  that  in  the  bladder  will  lift  up 
the  lid  and  weight  together. 

C,  If  you  pump  much  more,  the  weight  will  fall  against  the  side 
of  the  glass. 

F.  i  do  not  mean  to  risk  that : — ^it  is  enough  that  you  see  a  few 
grains,  (not  half  a  dozen,)  of  air  will,  by  their  elasticity,  raise  and 
sustain  a  weight  of  several  pounds. 

Take  this  glass  tube  (represented  in  fig.  4)  :  the  bore  of  the 
tube  is  too  small  for  the  water  to  run  out ;  but  if  I  place  it  under 
the  receiver  of  the  air-pump,  and  take  away  the  external  air,  the 

*  See  Mechanics,  Conversation  XIII. 
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little  quantity  of  air  which  is  at  the  top  of  the  glass  will,  by  its 
elastic  force,  expand  itself,  and  drive  out  all  the  water. 

E,  This  experiment  shows  that  a  very  small  quantity  of  air  is 
capable  of  filling  a  large  space,  provided  the  external  pressure  is 
taken  off. 

F.  Certainly :  I  will  take  off  the  bladder  from  this  glass  (fig, 
17,  Hydrostatics).  The  little  images  all  swim  at  the  top,  the  air 
contained  in  them  rendering  them  rather  lighter  than  the  water. 
Tie  little  leaden  weights  to  their  feet,  and  they  are  then  pulled 
down  to  the  bottom  of  the  vessel.  I  now  place  the  glass  under 
the  receiver  of  the  air-pump,  and,  by  exhausting  the  air  from  the 
vessel,  that  which  is  within  the  images,  by  its  elasticity,  expands 
itself,  forces  out  more  water,  and  you  see  they  are  ascending  to 
the  top,  dragging  the  weights  after  them.  I  vrill  let  in  the  air, 
and  the  pressure  forces  the  water  into  the  images  again,  and  they 
descend. 

Here  is  an  apple  very  much  shrivelled,  which,  if  placed  under 
the  receiver,  and  the  external  air  taken  away,  will  appear  as  j^ump 
as  if  it  were  newly  gathered  from  the  tree.  I  will  admit, the  air 
again. 

C.  It  is  as  shrivelled  as  ever.    Do  apples  contain  air  ? 

F,  Yes,  a  great  deal ;  and  so,  in  fact,  do  almost  all  bodies  that 
are  specifically  lighter  than  water,  as  well  as  many  that  are  not 
so.  It  was  the  elastic  power  of  the  air  within  the  apple  that  forced 
out  all  the  shrivelled  parts  when  the  external  pressure  was  taken 
away. 

Here  is  a  small  glass  of  warm  ale,  from  which  I  am  going  to 
take  away  the  air. 

E,  It  seems  to  boil  now  you  exhaust  the  air  from  the 
receiver. 

F,  The  bubbling  is  caused  by  the  air  endeavouring  to  escape 
from  the  liquor.     Let  the  air  in  again,  and  then  taste  the  beer. 

0.  It  is  fiat  and  dead. 

F,  You  see  of  what  importance  air  is  to  give  to  all  our  liquors 
their  pleasant  and  brisk  flavour,  for  the  same  will  happen  to  wine 
and  all  other  fermented  fluids.  \ 

E,  How  is  it  that  the  air,  when  it  was  re-admitted,  did  not 
penetrate  the  ale  again  ? 

F,  It  could  not  at  once  insinuate  itself  into  the  pores  of  the 
beer,  but  if  we  gave  it  time  enough,  the  beer  would  again  dissolve 
a  certain  quantity  of  air.  Besides,  it  does  not  follow  that  it  is  the 
same  sort  of  air  which  I  admitted  into  the  receiver,  that  was 
taken  from  the  ale. 

E,  Are  there  more  kinds  of  air  than  one  ? 

F,  Yes,  very  many.    That  which  I  todt  from  the  beer,  and 
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which  gives  it  the  brisk  and  lively  taste,  is  called  fixed  air,  or 
carbonic  acid  gas,  of  which  there  is,  in  general,  but  a  very  small 
quantity  in  the  atmosphere. 

The  elasticity,  or  spring  of  air,  contained  in  our  flesh,  was  clearly 
shown  by  the  experiment,  when  I  pumped  the  air  from  under  your 
hand. 

C,  Was  that  the  cause  of  its  swelling  downwards  ? 

F.  It  was :  and  it  will  account  for  the  pain  you  felt,  which  was 
grreater  than,  and  of  a  very  different  kind  from,  what  you  would 
have  experienced  by  a  dead  weight  being  laid  on  the  back  of  your 
hand  equal  to  the  pressure  of  the  air. 

Cupping  is  an  operation  performed  on  this  principle :  the  ope- 
rator tells  you  he  draws  up  the  flesh  ;  but  if  he  were  to  speak- cor- 
rectly, he  would  say,  he  took  away  the  external  air  from  off  a 
certain  portion  of  the  body,  and  then  the  elastic  force  of  the  air 
within  distends,  and  swells  out  the  flesh  ready  for  the  lancets. 

E.  When  I  saw  you  cupped,  he  did  not  use  an  air-pump,  but 
little  glasses  to  raise  the  flesh. 

F,  Glasses  closed  at  the  top  are  now  generally  used,  in  which 
the  operator  holds  the  flame  of  a  lamp :  by  the  heat  the  elasticity 
of  the  air  in  the  glass  is  increasea,  and  thereby  a  great  part 
of  it  is  driven  out.  In  this  state  the  glass  is  put  on  the  part 
to  be  cupped,  and  as  the  inward  air  cools,  it  contracts,  and  the 
glass  adheres  to  the  flesh  by  the  difference  of  the  pressures  of  the 
internal  and  external  air. 

By  some  persons,  however,  the  syringe  is  considered  as  the  most 
effectual  method  of  performing  the  operation,  because  by  flame  the 
air  cannot  be  rarefied  more  than  one-half,  whereas  by-  flie  syringe 
a  few  strokes  will  nearly  exhaust  it. 

Here  is  another  square  bottle  like  that  already  exhibited  (fig.  15, 
p.  223),  only  that  it  is  full  of  air,  and  the  mouth  sealed  so  closely 
that  none  can  escape.  I  enclose  it  within  the  wire  cage  b,  and  in 
this  state  bring  them  under  the  receiver,  and  exhaust  the  exter- 
nal air. 

C,  The  bottle  has  burst  I 

E,  Why  did  you  place  the  wire  cage  over  the  bottle  ? 

F.  To  prevent  the  pieces  of  the  bottle  from  breaking  the  re- 
ceiver, an  accident  that  would  be  liable  to  happen  without  this 
precaution. 

Make  a  little  hole  in  the  small  end  of  a  new-laid  egg,  and 
with  that  end  downwards,  place  it  in  an  ale-glass  under  the 
receiver,  and  exhaust  the  air ;  the  whole  contents  of  the  egg  will 
be  forced  out  into  the  glass  by  the  elastic  spring  of  the  small 
bubble  of  air  which  is  always  to  be  found  in  the  large  end  of  a 
new-laid  egg. 
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E.  Well,  reallj  these  experiments  are  very  delightful.  How 
grateful  I  feel  to  you,  dear  papa,  for  giving  us  this  power  of  in- 
vestigating the  works  of  nature. 


CONVERSATION  Vm. 

0/  the  Compressicm  of  Air, 

F.  I  have  already  told  you  that  water  was  compressible  in  a 
small  degree ;  but  the  compression  which  can  be  effected  with  the 
greatest  power  is  so  very  small,  that,  without  considerable  attention 
and  nicety  in  conducting  the  experiments,  it  would  never  have 
been  discovered.  Air,  however,  is  capable  of  being  compressed 
into  a  very  small  space. 

E,  The  experiment  you  made  by  plunging  an  ale-glass  with  its 
mouth  downwards,  clearly  proved  that  the  air  which  it  contained 
was  capable  of  being  reduced  into  a  smaller  space. 

F,  This  bent  tube  a  b  c  is  closed  at  a  and  open  at  c.  It  is,  in 
the  common  state,  full  of  air.  I  first  pour  into  it  a  little 
quicksilver,  just  sufficient  to  cover  the  bottom  a  b :  now 
tne  air  in  each  leg  is  of  the  same  density,  and  as  that 
contained  in  a  b  cannot  escape,  because  the  lighter  fluid 
will  be  always  uppermost,  when  I  pour  more  quicksilver 
in  at  c,  its  weight  will  condense  the  air  in  the  leg  A  b  ; 
for  the  air,  which  filled  the  whole  length  of  the  leg,  is, 
by  the  weight  of  the  quicksilver  in  c  b,  pressed  into  the 
smaller  space  a  x,  which  space  will  be  diminished  as 

Fi    18.      ^®  weight  is  increased;   so  that,  by  increasing  the 

^*  length  of  the  column  of  mercury  in  c  b,  the  air  in  the 

other  leg  will  be  more  and  more  condensed.    Hence  we  learn  that 

the  elastic  spring  of  air  is  always  and  under  all  circumstances  equal 

to  the  force  which  compresses  it. 

C,  How  is  that  proved  ? 

F,  If  the  spring,  with  which  the  ak  endeavours  to  expand 
itself  when  it  is  compressed,  were  less  than  the  condensing  power, 
it  must  yield  still  farther  to  that  force ;  that  is,  if  the  spring  of  the 
air  in  A  x  were  less  than  equal  to  the  weight  of  the  mercury  in 
the  other  leg,  it  would  be  forced  into  a  yet  smaller  space ;  but,  if 
the  spring  were  greater  than  the  compressing  power,  it  would  not 
have  yielded  so  much ;  for  you  are  well  aware  that  action  and  re- 
action are  equal,  and  act  in  opposite  directions. 

You  can  now  easily  understand  why  the  lower  regions  of  the 
atmosphere  are  more  dense  than  those  which  are  higher. 
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E,  Because  they  are  pressed  upon  by  all  the  air  that  is  above 
them,  and  therefore  condensed  into  a  smaller  space. 

F,  Consequently  the  air  becomes  gradually  thinner  or  rarer, 
till,  at  a  considerable  height,  it  may  be  conceived  to  pass  into 
space.  The  different  densities  of  the  air  may  be  illustrated  by 
conceiving  twenty  or  thirty  equal  fleeces  of  wool  placed  one  upon 
another ;  the  lowest  will  be  forced  into  a  less  space,  that  is,  its 
parts  will  be  brought  nearer  together,  and  it  will  be  more  dense 
than  the  next ;  and  that  will  be  more  dense  than  the  third  from 
the  bottom,  and  so  on,  till  you  come  to  the  uppermost,  which 
sustains  no  other  pressure  than  that  occassioned  by  the  weight  of 
the  incumbent  air. 

Let  us  now  see  the  effect  of  condensed  air,  by  means 
of  an  artificial  fountain.    This  vessel  is  made  of  strong 
copper,  and  is  about  half  full  of  water.     With  a  syringe 
that  screws   to  the   pipe  b  a  I  force   a   considerable 
quantity  of  air  into  the  vessel,  so  that  it  is  very  much 
condensed.     By  turning  the  stopcock  b  while  I  take  off  ' 
the  syringe  no  water  can  escape:  and,  instead  of  the  j' 
syringe,  I  put  on  a  jet,  or  very  small  tube,  after  which  jfe 
the  stopcocK  is  turned,  and  the  pressure  of  the  condensed  | 
air  forces  the  water  through  the  tube  to  a  very  great  || 
height. 

V.  Do  you  know  how  high  it  ascends  ? 

F,  Not  exactly :  but  as  the  natural  pressure  of  the  air 
will  raise  water  33  feet,  so  if  by  condensation  its  pressure 
be  tripled,  it  will  rise  66  feet. 

E,  Why  tripled  ?  Ought  it  not  to  rise  to  this  height 
by  a  double  pressure  ? 

F,  You   forget  that  there  is  the  common  pressure 
always  acting  against,  and  preventing  the  ascent  of  the 
water ;  therefore,  besides  a  force  within  to  balance  that  without, 
there  must  be  a  double  pressure. 

C  You  described  a  syringe  to  be  like  a  common  water-squirt — 
how  are  you  able,  by  an  instrument  of  this  ^kind,  to  force  in  so 
great  a  quantity  of  air  ?  Will  it  not  return  by  the  same  way  it  b 
forced  in  ? 

F.  The  only  difference  between  a  condensing  syringe  and  a 
squirt  is,  that,  in  the  former,  there  is  a  valve  that  opens  down- 
wards, by  which  air  may  be  forced  through  it ;  but  the  instant  that 
the  downward  pressure  ceases,  the  valve,  by  means  of  a  strong 
spring,  shuts  of  itself,  so  that  none  can  return. 

E,  Will  not  air  escape  back  during  the  time  you  are  forcing  in 
more  of  the  external  air  ? 

F,  That  would  be  the  case  if  the  syringe  pipe  went  no  lower 


Fig.  19. 
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than  that  part  of  the  vessel  which  contains  the  air ;  but  it  reaches 
to  a  considerable  depth  in  the  water ;  and,  as  it  cannot  find  its 
way  back  up  the  pipe,  it  must  ascend  ^through  the  water,  and 
cause  that  pressure  upon  it  which  has  been  described. 

C  To  what  extent  can  air  be  compressed  ? 

F.  If  the  apparatus  be.  strong  enough,  and  a  sufficient  power 
applied,  atmospheric  air  may  be  condensed  several  thousand  times ; 
that  is,  a  vessel,  which  will  contain  a  gallon  of  air  in  its  natural 
state,  may  be  made  to  contain  several  thousand  gallons. 

By  means  of  a  fountain  of  this  kind,  young  people  like  your- 
selves may  receive  much  entertainment  with  only  a  few  additional 
jets,  which  are  made  to  screw  on  or  oiF.  One  kind  is  so  formed 
that  it  will  throw  up  and  sustain  on  the  stream  a  little  cork  ball, 
scattering  the  water  all  round.  Another  is  made  in  the  form  of  a 
globe,  pierced  with  a  great  number  of  holes,  all  tending  to  the 
centre,  exhibiting  a  very  pleasing  sphere  of  water.  One  is  con- 
trived to  show,  in  a  neat  manner,  the  composition  and  resolution 
of  forces  explained  in  our  Conversations  on  Mechanics.*  Some 
will  form  cascades;  and  by  others  you  may,  when  the  sun 
shines  at  a  certain  height  in  the  heavens,  exhibit  artificial  rain- 
bows.f 

We  will  now  force  in  a  fresh  supply  of  air,  and  try  some  of 
these  jets. 

E.  Pray,  papa,  why  did  you  lay  so  great  a  stress  upon  the 
fact,  that  atmospheric  air  was  capable  of  a  certain  condensation. 

F,  Because  other  kinds  of  air  can  be  so  much  condensed  as 
actually  to  be  squeezed  into  a  liquid. 

E,  Do  tell  us  how  this  is  done. 

F,  Dr.  Faraday,  now  the  most  distinguished  philosopher  for 
original  research,  was  working  with  a  certain  air  or  gas  in 
tubes,  and  observed  an  oily  liquid  appear:  he  repeated  the 
experiment  with  carefully  cleaned  tubes,  and  tlie  oily  appearance 
again  occurred.  On  examination  he  found  that  the  gas  had 
actually  been  condensed  into  this  oily  liquid.  The  gas  was 
called  chlorine. 

E.  How  very  curious !  And  is  this  the  only  kind  of  air  that 
can  be  liquefied  ? 

F,  By  no  means ;  he  has  found  that  very  many  of  the  gases 
are  capable  of  liquefaction  under  certain  precautions,  which  you 
will  be  able  to  comprehend  better  when  you  have  learned  a  little 
chemistry.  The  most  remarkable,  by  way  of  illustration,  is  the 
gas  contained  in  champagne,  soda-water,  ale,  &c.,  namely,  car- 
bonic acid.    The  materials  necessary  for  producing  this  gas  are 

*  See  Mechanics,  Conyersation  XIII. 

t  This  phenomeiMm  is  described  and  explained  in  Optios,  Conversation  XYIIL 
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placed  in  a  strong  iron  vessel :  the  gas  forms  very  abundantly ; 
and  as  it  has  no  means  of  escaping,  it  becomes  so  compressed  by 
the  continued  accumulation,  that  at  last  it  squeezes  itself  into  a 
liquid.  When  the  vessel  is  opened  the  liquid  begins  to  return 
into  gas  so  fast,  that  it  produces  an  immense  quantity  of  cold,  as 
ether  does  when  placed  on  your  hand ;  and  this  cold  actually 
freezes  the  rest  of  the  liquid,  and  the  gas  appears  in  a  solid  form, 
just  like  snow. 

E,  How  I  should  like  to  touch  this  solid  air !  it  must  be  very 
cold. 

F,  Yes,  dear,  so  cold  that  mercury  instantly  freezes  in  a  mix- 
ture of  this  substance  with  ether,  and  becomes  like  lead,  so 
that  you  can  cut  or  hammer  it  on  an  anvil.  But  you  would  find 
it  no  easy  matter  to  touch  the  solidified  gas,  for  the  surface  of  it 
would  expand  into  gas  and  place  itself  between  your  finger  and 
the  solid  carbonic  acid ;  and  if  you  use  a  little  ether  to  dissolve 
the  solid  carbonic  acid,  and  then  touch  it  with  your  finger,  the 
latter  would  be  instantly  frostbitten. 

E,  I  observed,  in  the  upright  jets,  that  the  height  to  which 
the  water  was  thrown  was  continually  diminishing. 

F,  The  reason  is  this :  that  in  proportion  as  the  quantity  of 
water  in  the  fountain  is  lessened,  the  air  has  more  room  to 
expand,  the  compression  is  diminished,  and  consequently  the 
pressure  becomes  less,  till  at  length  it  is  no  greater  within  dian  it 
is  without,  and  then  the  fountain  ceases  altogether. 

Condensed  air  has  been  proposed  as  a  means  of  propelling 
locomotives  instead  of  steam  ;  it  is  compressed  in  an  iron  cylin- 
der, and  by  proper  valves  is  allowed  to  escape,  and  act  upon  a 
piston. 


CONVERSATION  IX. 

Miscellaneous  Experiments  with  the  Air-pump, 

F.  I  shall,  to-day,  exhibit  a  few  experiments,  without  any 
regard  to  the  particular  subjects  under  which  they  might  "be 
arranged. 

In  this  jar  of  water  I  plunge  some  pieces  of  iron,  zinc,  stone, 
&c.,  and  you  will  see  that,  when  I  exnaust  the  external  air,  by 
bringing  the  jar  under  the  receiver  of  the  air-pump,  the  elastic 
spring  of  air  contained  in  the  pores  of  these  solid  substances  will 
force  them  out  in  a  multitude  6f  globules,  and  exhibit  a  very 
])leasing  spectacle,  like  the  pearly  dew-drops  on  blades  of  grass : 
but  when  I  admit  the  air,  they  suddenly  disappear. 
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E,  This  proves  what  you  told  us  a  day  or  two  ago,  that  sub- 
stances in  general  contain  a  great  deal  of  air. 

F,  Instead  of  bodies  of  this  kind,  I  will  plunge  in  some  v^e- 
table  substances,  a  piece  or  two  of  the  stem  of  beetroot,  angelica, 
&c. ;  and  now  observe,  when  I  have  exhausted  the  receiver,  what 
a  quantity  of  air  is  forced  out  of  the  little  vessels  of  these  plants 
by  means  of  its  elasticity. 

C,  From  this  experiment  we  may  conclude  that  air  forms  no 
small  part  of  all  vegetable  substances. 

F,  To  this  piece  of  cork,  which  of  itself  would  swim  on  the 
surface  of  water,  I  have  tied  some  lead,  just  enough  to  make  it 
sink.  But,  by  taking  off  the  external  pressure,  the  cork  will 
bring  the  lead  up  to  the  surface. 

E,  Is  that  because,  when  the  pressure  is  taken  off,  the  sub- 
stance of  the  cork  expands,  and  becomes  specifically  lighter  than 
it  was  before  ? 

F,  It  is.  This  experiment  is  varied  by  using  a  bladder,  in 
which  is  enclosed  a  very  small  quantity  of  air,  ana  sunk  in  water ; 
for  when  the  external  pressure  is  removed,  the  air  within  the 
bladder  will  expand,  make  it  specifically  lighter  than  water,  and 
bring  it  to  the  surface. 

The  next  experiment  shows  that  the  ascent  of  smoke  and 
vapours  depends  on  the  air.  I  will  blow  out  this  candle,  and  put 
it  under  the  receiver ;  the  smoke  now  rises  to  the  top,  but  as  soon 
as  the  air  is  exhausted  to  a  certain  degree,  the  smoke  descends, 
like  all  other  heavy  bodies. 

C,  Do  smoke  and  vapours  rise  because  they  are  lighter  than 
the  surrounding  air  ? 

F,  That  is  the  reason.  Sometimes  you  see  smoke  from  a 
chimney  rise  quite  vertically  in  a  long  column ;  the  air  then  is 
very  heavy ;  at  other  times  you  may  see  it  descend,  which  is  a 
proof  that  the  density  of  the  atmosphere  is  very  much  dimi- 
nished, and  is,  in  fact,  less  than  that  of  the  smoke.  And  at  all 
times  smoke  can  ascend  no  higher  than  where  it  meets  with  air  of 
a  density  equal  to  itself,  and  there  it  will  spread  about  like  a 
cloud. 

C,  Do  balloons  rise  on  a  similar  principle  ? 

F,  Yes ;  a  balloon  is  merely  a  large  bag  of  gas.  The  mass  of 
air  displaced  by  the  balloon  is  heavier  than  the  balloon  and  all 
its  appendages,  so  that  the  latter  rises  in  it.  A  Montgolfier  is 
a  bag  of  air  rarefied,  and  so  made  lighter  by  a  fire  or  a  flame  of 
spirit. 

C.  I  once  noticed  Mr.  Green  make  an  ascent.  I  observed 
that  when  the  balloon  was  full,  he  took  the  neck  away  from  the 
gas-pipe,  and  tied  it  with  his  handkerchief.    I  was  sure  he  had 
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something  in  view,  for  he  was  so  very  careful  in  tying  the  hand- 
kerchief, and  I  watched  him. 

E.  And  what  did  he  do  ? 

C.  To  my  astonishment,  when  everything  was  ready,  he  let  go 
the  rope  which  held  down  the  balloon,  and  at  the  same  moment 
he  actually  pulled  away  the  handkerchief  and  opened  the  neck  of 
the  balloon,  so  that  the  gas  could  all  escape.  I  should  have 
thought  it  was  an  accident,  if  I  had  not  seen  him  wave  the  same 
handkerchief.  What  could  he  mean  by  this,  papa ;  first  to  fill 
bis  balloon,  and  then,  when  I  should  have  thought  he  most 
needed  the  gas,  to  let  it  out  ? 

F,  He  fills  his  balloon  because  the  public,  after  paying  their 
shillings,  would  not  like  to  see  a  half-filled  bag  ascend.  JBut,  as 
he  rises  from  the  earth,  the  pressure  of  the  atmosphere  upon  the 
balloon  gradually  decreases  ;  because  part  of  the  column  of  air 
is  left  below  him.  This  being  the  case,  the  confined  gas  ex- 
pands ;  and  if  he  were  not  to  open  the  neck,  the  balloon  would 
very  soon  be  burst  open,  just  as  the  square  bottle  (fig.  16) 
burst. 

The  reason  of  his  opening  the  neck  of  the  balloon  is  because 
in  the  process  of  ascending  the  gas  can  more  easily  escape  from 
below ;  but  if  he  wishes  to  descend,  he  pulls  a  cord  and  opens  a 
valve  at  the  top  of  the  balloon,  and  the  descending  motion 
squeezes,  as  it  were,  the  gas  out.  If  he  wished  to  rise  again,  he 
throws  out  some  sand,  and  makes  the  whole  machine  lighter.  So 
you  see,  he  arrives  at  the  earth  again  with  a  far  less  supply  of  gas 
than  he  started  with. 

Fig.  20  is  usually  called  the  lungs-glass.  A  bladder  is  tied 
close  about  the  little  pipe  a,  which  is  screwed  into  the  bottle  a, 
and  at  first  nearly  fills  it.  I  introduce  it  under  the  receiver  b, 
and  b^n  to  exhaust  the  air  of  the  receiver,  and  that  in  the 


Fig.  20. 


Fig.  21. 


Fig.  22. 


bladder  communicating  with  it  will  also  be  withdrawn :    the 
elastic  force  of  the  air  in  the  bottle  a  will  now  press  the  bladder 
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to  the  shrivelled  stat^  represented  in  the  fiprure.  I  will  admit  the 
air,  which  expands  the  bladder ;  and  thus,  by  alternately  exhaust- 
ing and  re-admitting  the  air,  I  imitate  completely  the  exquisite 
action  of  the  lungs  in  breathing.  But  perhaps  the  following 
experiment  will  give  a  better  idea  of  the  subject.  In  fig.  21.,  a 
represents  the  lungs,  b  the  windpipe  leading  to  them,  which  is 
closely  fixed  in  the  neck  of  the  bottle,  from  which  the  air  cannot 
escape ;  d  is  a  bladder  tied  to  the  bottom,  and  in  its  distended 
state  will,  with  the  internal  cavity  of  the  bottle,  represent  the 
cavity  of  the  body,  which  surrounds  the  lungs,  at  the  moment 
you  have  taken  in  breath  ;  I  force  up  d  (as  in  fig.  22),  and  now 
the  bladder  is  shrivelled  by  the  pressure  of  the  external  air  in 
the  bottle,  and  represents  the  lungs  just  at  the  moment  of  expira- 
tion. 

I  have  exactly  balanced  on  this  scale-beam  a  piece  of  lead  and 
a  piece  of  cork.  In  this  state  I  will  introduce  them  under  the 
receiver,  and  exhaust  the  air. 

C.  The  cork  now  seems  to  be  heavier  than  the  lead. 

F»  In  air  each  body  lost  a  weight  proportional  to  its  hulk ;  but 
when  the  air  is  taken  away,  the  weight  lost  will  be  restored; 
but  as  the  lead  lost  least,  it  -will  now  regain  the  least ;  conse- 
quently the  cork  will  preponderate  with  the  difference  of  the 
weights  restored  by  taking  away  the  air.  If  the  volume  of  cork 
were  2J  cubic  inches,  it  would  require  nearly  half  a  grain  to 
restore  the  balance,  this  being  about  the  difference  of  the  weights 
of  the  air  which  the  two  bodies  the  (metal  and  cork)  displaced. 

Thus  you  see  that  in  vacuo,  a  pound  of  cork,  or  feathers, 
would  be  heavier  than  a  pound  of  lead ;  as  I  mentioned  in  an 
earlier  conversation. 

E,  Why  do  bodies,  when  weighed  in  air,  lose  weights  propor- 
tional to  their  bulks  ? 

F,  Because  of  the  unequal  buoyancy  of  the  air  which  tends  to 
lift  up  a  body  immersed  in  it;  and  the  larger  the  body,  the 
greater  the  effect.  Of  course,  it  has  more  efi'ect  on  an  ounce  of 
cork  than  on  one  of  lead. 


CONVERSATION  X. 

Of  the  Air-gun  and  Sound. 

F.  The  air-gun  is  an  instrument,  the  effects  of  which  depend 
on  the  elasticity  and  compression  of  air. 

K  Is  it  used  for  the  same  purposes  as  common  guns  ? 

F,  Air-guns  will  answer  all  the  purposes  of  a  musket  or 
fowling-piece.     Bullets  discharged  from  them  will  kill  animals  at 
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the  distance  of  50  or  60  yards.  They  make  no  report,  and  on 
account  of  the  great  mischief  they  are  capable  of  doing,  withoujfc 
much  chance  of  discovery,  they  are  deemed  illegal,  and  are,  or 
ought  to  be,  found  nowhere  but  among  the  apparatus  of  the  expe- 
rimental philosopher. 

C,  Can  you  show  us  the  construction  of  an  air-gun  ? 

F.  It  was  formerly  a  very  complex  machine ;  but  now  the 
construction  of  air-guns  is  very  simple ;  ^%.  23.  is  one  of  the 
most  approved. 

E,  In  appearance  it  is  very  much  Kke  a  common  musket,  with 
the  addition  of  a  round  ball  c. 

F,  That  ball  Ls  hollow,  and  contains  the  condensed  air,  which 
is  forced  into  it  by  means  of  a  syringe ;  it  is  then  screwed  to  the 
barrel  of  the  gun. 

(7.  Is  there  fixed  to  the  ball  a  valve  opening  inwards  ? 
F,  There  is  ;  and  when  the  leaden  bullet  is  rammed  down,  the 
trigger  is  pulled  back,  which  forces  down  the  hook  h  upon  the  pin 


Fig.  23. 

connected  with  the  valve,  and  liberates  a  portion  of  the  condensed 
air ;  this,  rushing  through  a  hole  in  the  lock  into  the  barrel,  will 
impel  the  bullet  to  a  great  distance. 

E,  Does  not  all  the  air  escape  at  once  ? 

F,  No ;  if  the  gun  be  well  made,  the  copper  ball  will  contain 
enough  for  15  or  20  separate  charges ;  so  that  one  of  these  is 
capable  of  doing  much  more  execution  in  a  given  time  than  a 
common  fowling-piece. 

(7.  Does  not  the  strength  of  the  charges  diminish  each  time*? 

F.  Certainly ;  because  the  condensation  becomes  less  upon  the 
loss  of  every  portion  of  air ;  so  that  after  a  few  discharges  the 
bullet  will  be  projected  only  a  short  distance.  To  remedy  this 
inconvenience,  you  might  carry  a  spare  ball  or  two  ready  filled 
with  condensed  air  in  your  pocket,  to  screw  on  when  the  other 
was  nearly  exhausted.  Formerly  this  kind  of  instrument  was 
attached  to  gentlemen's  walking-sticks. 

A  still  more  formidable  instrument  is  called  the  Magazine 
wind-gun.  In  this,  there  is  a  magazine  of  bullets,  as  well  as 
another  of  air ;  and,  when  it  is  properly  charged,  the  bullets  may 
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be  projected  one  after  another  as  fast  as  the  gun  can  be  cocked 
and  the  pan  opened.  The  syringe  in  these  is  fixed  to  the  butt  of 
the  gun,  by  which  it  is  easily  charged,  and  may  be  kept  in  that 
state  for  a  great  while. 

E,  Does  air  never  lose  its  elastic  power  ? 

F,  It  would  be  too  much  to  assert  that  it  never  will ;  but 
experiments  have  been  tried  upon  different  portions  of  air,  which 
have  been  found  as  elastic  as  ever  after  the  lapse  of  many  months, 
and  even  years. 

C,  What  is  this  beU  for? 

F,  I  took  it  out  to  show  you  that  air  is  the  medium  by  which, 
in  general,  sound  is  communicated.  I  will  place  it  under  the 
receiver  of  the  air-pump,  and  exhaust  the  air.  Now  observe  the 
clapper  of  the  bell  while  I  shake  the  apparatus. 

E,  I  see  clearly  that  the  clapper  strikes  the  side  of  the  bell, 
but  I  do  not  hear  any  ringing. 

F.  Turn  the  cock  and  admit  the  air ;  now  you  hear  the  sound 
plainly  enough :  and  if  I  use  the  syringe  and  a  different  kind  of 
glass,  so  as  to  condense  the  air,  the  sound  will  be  very  much 
increased.  Dr.  Desaguliers  says,  that  in  air  which  is  twice  as 
dense  as  common  air,  he  could  hear  the  sound  of  a  bell  at  double 
the  distance. 

C,  Is  it  on  account  of  the  changing  densities  of  the  atmosphere 
that  we  hear  St.  Paul's  clock  so  much  plainer  at  one  time  than 
another  ? 

F,  Undoubtedly  the  different  degrees  of  density  in  the  atmo- 
sphere will  occasion  some  difference ;  but  the  intensity  of  the 
sound  depends  on  the  quarter  from  which  the  wind  blows ;  and 
according  as  the  direction  of  that  is  towards  or  from  the  house,  we 
hear  the  clock  better  or  worse. 

E,  Does  it  not  require  great  strength  to  condense  air  ? 

F.  That  depends  much  on  the  size  of  the  piston  belonging  to 
the  syringe ;  for  the  force  required  increases  in  proportion  to  the 
square  of  the  diameter  of  the  piston. 

Suppose  the  area  of  the  base  of  the  piston  is  one  inch,  and  you 
have  already  forced  so  much  air  into  the  vessel  that  its  density  is 
double  that  of  common  air,  the  resistance  opposed  to  you  will  be 
equal  to  15  pounds  ;  but  if  you  would  have  it  ten  times  as  dense, 
the  resistance  will  be  equal  to  150  pounds. 

O.  That  would  be  more  than  I  could  manage. 

F.  Well,  then,  you  must  take  a  syringe,  the  area  of  whose 
piston  is  only  half  an  inch  ;  and  in  that  case  the  resistance  would 
be  equal  to  only  the  fourth  part  of  150  pounds,  because  the 
square  of  ^  is  equal  to  J.* 

*  The  square  of  any  number  being  tibe  number  multiplied  into  itself,  ^  x  i  =  i« 
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(7.  You  spoke  of  liquid  carbonic  acid  producing  cold  by  ex- 
panding, does  air  when  condensed  produce  heat  ? 

J!\  Yes  ;  and  there  is  a  syringe  made  with  a  tight  piston,  and 
a  piece  of  German  tinder  inside,  and  by  driving  down  the  piston 
by  a  smart  blow,  the  tinder  is  inflamed. 

JE.  You  said  that  the  air  was  generally  the  medium  by  which 
sound  is  conveyed  to  our  ears ;  is  it  not  always  so  ? 

F,  Air  is  always  a  good  conductor  of  sound,  but  water  is  a 
still  better.  Two  stones  being  struck  together  under  water,  the 
sound  may  be  heard  at  a  greater  distance  by  an  ear  placed  under 
water  in  the  same  river,  than  it  can  through  the  air.  In  calm 
weather,  a  whisper  may  be  heard  across  the  Thames. 

The  slightest  scratch  of  a  pin,  at  one  end  of  a  long  piece  of 
timber,  may  be  heard  by  applying  the  ear  at  the  other  end, 
though  it  could  not  be  heard  at  half  the  distance  through  the 
air. 

The  earth  is  not  a  bad  conductor  of  sound  :  it  is  said  that,  by 
applying  the  ear  to  the  ground,  the  trampling  of  horses  may  be 
heard  much  sooner  than  it  could  through  the  medium  of  the  air. 
This  plan  was  employed  in  ancient  times  to  ascertain  the  approach 
of  a  hostile  army,  and  is  still  used  with  great  and  unerring  cer- 
tainty by  the  wild  North  American  tribes. 

Take  a  long  strip  of  flannel,  and  tie  a  common  poker  in  the 
middle  of  it,  leaving  the  ends  at  liberty:  these  ends  must  be 
rolled  round  the  tips  of  the  first  finger  of  each  hand,  and  then 
stopping  the  ears  with  these  fingers,  strike  the  poker,  thus  sus- 
pended, against  any  body,  as  the  edge  of  a  steel  fender ;  the 
depth  of  the  tone  which  the  stroke  will  return  is  amazing ;  that 
made  by  the  largest  church-bell  is  not  to  be  compared  with  it. 
Thus  it  appears  that  flannel  is  an  excellent  conductor  of  sound. 

When  Professor  Pepper  was  director  of  the  Royal  Polytechnic 
Institution,  he  arranged,  on  a  complete  and  eflective  scale,  Pro- 
fessor Wheatstone's  experiments  "  On  the  transmission  of  musical 
sounds  to  distant  places,  illustrated  by  a  telephonic  concert,"  in 
which  the  sounds  of  various  musical  instruments  passed  inaudible 
through  an  intermediate  hall,  and  were  introduced  in  tlie  lecture- 
room,  unchanged  in  their  qualities  and  intensities.  A  piano, 
clarionet,  violin,  and  violoncello  were  each  connected  by  separate 
wooden  rods  with  the  sounding-boards  of  four  harps,  and  were 
played  in  the  basement  story  of  the  building :  the  vibrations  being 
conducted  by  the  rods  to  the  sounding-boards.  The  effect  pro- 
duced was  almost  magical,  and  realized  perfectly  the  idea  of  laying 
on  music  like  gas  or  water.  These  experiments  were  exhibited 
before  the  Queen,  the  Prince  Consort,  and  the  Royal  Family, 
and  greatly  interested  them. 
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CONVERSATION  XI. 

Of  S(mnd. 

F,  We  will  devote  this  Conversation  to  the  consideration  of 
sound ;  which,  in  so  far  as  it  is  connected  with  vibrations  pro- 
duced in  the  air,  may  come  under  the  head  of  Pneumatics, 
although  it  really  forms  a  distinct  branch  of  science  termed 
Acoustics. 

C,  Is  air  the  cause  of  sound  ? 

F,  Not  the  cause ;  but  commonly  the  medium  that  produces 
and  propagates  sound. 

E.  Is  not  thunder  produced  by  the  air? 

F,  All  we  know  of  thunder  is  that  electric  force  passes 
between  two  points,  and  disturbs  the  intervening  molecules  of  air : 
they  are  then  thrown  into  a  sudden  and  violent  state  of  vibration  ; 
and  vibration  and  sound  are  pretty  nearly  the  same  thing.  The 
lightning  flash  takes  a  long  journey  in  an  incredibly  short  space 
of  time ;  and  it  produces  this  vibration  •  along  its  whole  course ; 
but  sound,  as  we  shall  presently  see,  takes  some  time  to  travel  to 
our  ear,  so  that  we  get  a  continuous  rolling  until  the  last  audible 
wave  of  sound  has  arrived. 

C.  Can  the  report  of  a  large  cannon  be  called  a  miniature 
imitation  ?  I  remember  being  once  in  a  room  at  the  distance  of  a 
few  paces  from  the  Tower  guns  when  they  were  fired,  and  the  noise 
was  very  great. 

F,  This  was  because  you  were  close  to  them :  gunpowder, 
when  inflamed  in  a  vacuum,  m^kes  no  more  sound  than  the  bell 
in  like  circumstances. 

Mr.  Cotes  mentions  a  very  curious  experiment  which  was  con- 
trived to  show  that  sound  cannot  penetrate  through  a  vacuum. 
A  strong  receiver,  filled  with  common  atmospheric  air,  in  which  a 
bell  was  suspended,  was  screwed  down  to  a  brass  plate  so  tight 
that  no  air  could  escape,  and  this  was  included  in  a  much  larger 
receiver.  When  the  air  between  the  two  receivers  was  exhausted, 
the  sound  of  the  bell  could  not  be  heard. 

E.  Could  it  be  heard  before  the  air  was  taken  away  ? 

F.  Yes ;  and  also  the  moment  it  was  re-admitted. 

C  What  is  the  reason  that  some  bodies  sound  so  much  better 
than  others  ?  Bell-metal  is  more  musical  than  copper  or  brass, 
and  these  sound  much  better  than  many  other  substances. 

F,  All  sonorous  bodies  are  elastic,  and  their  parts  by  percus- 
sion can  be  made  to  vibrate ;  and  as  long  as  the  vibrations  con- 
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tinue,  corresponding  vibrations  are  communicated  to  the  air,  and 
these  produce  sound.  The  strings  of  musical  instruments  and  bells 
will  illustrate  this  fact. 

E.  The  vibrations  of  the  bell  are  not  risible;  and  musical 
chords  will  vibrate  after  their  sound  has  vanished. 

F,  If  light  particles  of  dust  are  on  the  outside  of  a  bell  when  it 
is  struck,  you  will,  by  their  motion,  perceive  that  the  particles  of 
the  metal  move  too,  though  not  sufficiently  so  to  be  visible  to  the 
naked  eye.  If  you  take  a  plate  of  glass  and  sprinkle  a  little  fine 
sand  on  its  surface,  and  then  hold  the  glass  at  one  comer  by  a  pair 
of  pliers,  and  pass  a  violin-bow  along  one  of  the  sides,  you  will 
see  the  sand  arrange  itself  into  a  uniform  figure  :  if  you  apply  the 
bow  to  one  comer,  the  figure  will  be  varied ;  and  by  this  means 
you  may  produce  some  beautiful  arrangements  of  the  sand,  and 
almost  say  that  you  see  sound. 

C.  Is  it  known  how  far  sound  can  be  heard  ? 

F.  We  are  assured,  upon  good  authority,  that  the  unassisted 
human  voice  has  been  heard  in  the  stillness  of  night  at  the  dis- 
tance of  10  or  12  miles ;  namely,  from  New  to  Old  Gibraltar. 
And  in  the  famous  sea-fight  between  the  English  and  Dutch,  in 
1672,  the  sound  of  cannon  was  heard  at  the  distance  of  200  miles 
from  the  place  of  action.  In  both  these  cases  the  sound  passed 
over  water  ;  and  it  is  well  known  that  sound  may  be  always  con- 
veyed much  farther  along  a  smooth  than  an  uneven  surface. 

Experiments  have  been  instituted  to  ascertain  if  water  is  a 
better  conductor  of  sound  than  land ;  and  a  person  was  heard 
to  read  very  distinctly  at  the  distance  of  140  feet  on  the  Thames, 
and  on  land  he  could  not  be  heard  farther  than  76  feet. 

E.  Might  there  not  be  interruptions  in  the  latter  case  ? 

F,  No  noise  whatever  intervened  by  land,  but  on  the  Thames 
there  was  some  occasioned  by  the  flowing  of  the  water. 

C.  As  we  were  walking  last  summer  towards  Hampstead,  we 
saw  a  party  of  soldiers  firing  at  a  mark  near  Chalk  Farm,  and  you 
desired  Emma  and  me  to  take  notice  that  the  report  was  heard 
after  we  saw  the  flash. 

jP.  My  intention  was  that  you  should  know,  from  actual  ex- 
periment, that  sound  is  not  conveyed  instantaneously,  but  takes  a 
certain  time  to  travel  over  a  given  space. 

When  you  stood  close  to  the  place,  did  you  not  observe  the 
smoke  and  hear  the  report  at  the  same  instant  ? 

E,  Yes,  we  did. 

F.  Then  you  are  satisfied  that  the  light  of  the  flash,  and  the 
report,  are  always  produced  together.  The  former  comes  to  the 
eye  with  the  velocity  of  light,  the  latter  reaches  the  ear  at  the 
velocity  with  which  sound  travels ;  if,  then,  light  travels  faster 
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than  sound,  you  will  (at  any  considerable  distance  from  a  gun 

that  is  fired),  see  the  flash  before  you  hear  the  report.     Do  you 

know  with  what  velocity  light  travels  ? 

C.  At  the  rate  of  12  millions  of  miles  in  a  minute.* 

F.  With  regard  then  to  several  hundred  yards,  or  even  a  few 

miles,  the  motion  of  light  may  be  considered  as  instantaneous. 

E,  This  I  understand,  because  10  miles  is  as  nothing  when 
compared  with  12  millions. 

F,  Now  sound  travels  only  at  the  rate  of  about  13  miles  in  a 
minute.  Sir  John  Herschel  shows  that  at  the  temi>erature  of  62^, 
sound  travels  at  the  rate  of  1125  feet  per  second;  and  that  for 
every  reduction  of  one  degree  in  temperature,  it  gains  1*14  feet 
per  second.  The  average  velocity,  therefore,  is  9000  feet,  or  3000 
yards,  in  8  seconds.  Therefore,  as  time  is  easily  divisible  into 
seconds,  the  progressive  motion  of  pound  is  readily  marked  by 
means  of  a  stop-watch. 

(7.  Is  it  certain  that  sounds  of  all  kinds  travel  at  this  rate  ? 

F.  A  great  variety  of  experiments  have  been  made  on  the 
subject,  and  it  seems  now  generally  agreed  that  all  sound  travels 
with  a  uniform  velocity. 

F,  Then  with  a  stop-watch  you  could  have  ascertained  how  far 
we  were  from  the  firing  when  we  first  saw  it. 

F,  Very  easily ;  for  I  should  have  counted  the  number  of 
seconds  that  elapsed  between  the  flash  and  the  report,  and  then 
have  multiplied  1125  by  the  number,  and  I  should  have  had  the 
exact  distance  in  feet  between  us  and  the  gun. 

C.  Has  this  knowledge  been  applied  to  any  practical  purpose  ? 

F.  It  has  frequently  been  used  at  sea,  by  night,  to  know  the 
distance  of  a  ship  that  has  fired  her  watch-guns.  Suppose  you 
were  in  a  vessel,  and  saw  the  flash  of  a  gun,  and  between  that  and 
the  report  24  seconds  elapsed,  what  would  be  the  distance  of  one 
vessel  from  another  ? 

F,  I  should  multiply  1125  by  24,  and  then  bring  the  product 
into  yards,  which  in  this  instance  is  equal  to  something  more  than 
9000  yards. 

F.  By  counting  the  number  of  seconds  elapsed  between  the 
flash  of  lightning  and  the  clap  of  thunder,  you  may  ascertain  how 
far  distant  you  are  from  the  storm. 

C,  I  should  like  to  have  a  stop-watch  to  be  able  to  calculate 
this  for  myself. 

F.  As  it  will  probably  be  some  time  before  you  become  pos- 
sessed of  such  an  expensive  instniment,  I  will  tell  you  of  some- 
thing that  you  have  always  about  you,  and  which  will  answer 
the  purpose. 

_..    ._  •  See  Astronomy,  Conyersation  XXVI. 
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E,  What  is  that,  papa  ? 

F,  The  pulse  at  yeur  wrist,  which,  in  healthy  people,  gene- 
rally beats  about  75  times  in  a  minute  :*  in  the  same  space  of 
time  sound  flies  1125  feet x 60  =  67,500  feet;  divide  this  by  75, 
and  you  get  900  feet,  as  the  distance  travelled  over  during  each 
pulsation. 

E,  If  I  see  a  flash  of  lightning,  and  between  that  and  the 
thunder  I  count  at  my  wrist  36  or  60  pulsations,  I  say  the 
distance  in  one  case  is  equal  to  36  x  900  =  32,400  feet,  or  10,800 
yards;  and  in  the  other  to  60  x  900=  54,000  feet,  or  18,000 
yards. 

F.  You  are  right ;  and  this  method  will,  for  the  present,  be 
sufficiently  accurate  for  all  your  purposes. 

(7.  The  information  you  have  now  given  us  is  highly  interest- 
ing ;  and  I  doubt  not  but  that  my  sister  and  I  shall  meet  with 
many  opportunities  of  putting  it  in  practice. 


CONVERSATION    XII. 

Of  the  Speaking  Trumpet, 

(7.  I  have  been  thinking  about  the  nature  of  sound,  and  dm 
anxious  to  ask  what  it  is. 

F,  It  would  be  but  of  little  use  to  give  you  a  definition  of 
sound ;  but  I  will  endeavour  to  illustrate  the  subject.  You  saw 
just  now  that  when  you  vibrated  the  glass  plate,  and  the  waves 
met  with  sand,  the  latter  assumed  a  certain  regular  arrange- 
ment ;  when  the  same  waves  touch  the  ear,  they  produce  certain 
sensations,  that  are  carried  to  our  brain,  and  which  we  call 
sound.  If  there  were  no  ears  there  would  be  no  sound.  Uni- 
form vibrations  produce  sound;  irregular  vibrations  produce 
noise, 

j^.  Is  it  such  a  wave  as  we  see  in  the  pond  when  it  is  ruffled 
by  the  wind  ? 

F,  Rather  such  a  one  as  is  produced  by  throwing  a  pebble  into 
still  water. 

C,  I  have  often  observed  this ;  the  surface  of  the  water  forms 
itself  into  circular  waves. 

F,  It  is  probable  that  the  tremulous  motion  of  the  parts  of  a 
sonorous  body  communicate  undulations  to  the  air  id  a  similar 
manner.  Two  obvious  circumstances  must  strike  every  ob- 
server with  regard  to  the  undulations  in  water.     1st.  The  waves, 

•  In  children  the  poke  is  more  rapid. 
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the  farther  they  proceed  from  the  striking  body,  become  less  and 
less,  till,  if  the  water  be  of  a  sufficient  magnitude,  they  become 
invisible,  and  die  away.  The  same  thing  takes  place  with  regard 
to  sound ;  the  farther  a  person  is  from  the  sounding  body,  the 
less  plainly  it  is  heard,  till  at  length  the  distance  is  too  great 
for  it  to  be  audible.  2ndly.  The  waves  on  the  water  are  not 
propagated  instantaneously,  but  are  formed  one  after  another  in  a 
given  space  of  time.  This,  from  what  we  have  already  shown, 
appears  to  be  the  manner  in  which  sound  is  propagated. 

C.  I  have  noticed  that,  when  I  throw  two  stones  into  a  pond, 
the  waves  in  some  parts  interfere,  and  produce  still  water.  Now, 
can  two  sounds  produce  silence  ? 

F,  Yes ;  providing  the  waves  are  so  circumstanced  :  a  case  in 
point  is  that  peculiar  thrilling  which  you  hear  occasionally,  ay, 
and  feel  too,  in  the  church  organ. 

E,  Is  sound  the  effect  which  is  produced  on  the  ear  by  the 
undulations  of  the  air  ? 

F,  It  is ;  and  according  as  these  waves  are  stronger  or  weaker, 
the  impression,  and  consequently  the  sensation,  is  greater  or 
less.  If  sound  be  impeded  in  its  progress  by  a  body  that  has  a 
hole  in  it,  the  waves  pass  through  the  hole,  and  then  diverge  on 
the  other  side  as  from  a  centre :  the  vibrations  of  the  substance  of 
the  sides  of  a  tube,  as  well  as  the  shape  of  the  mouth,  tend  to 
augment  the  sound.  Upon  this  principle  the  speaking-trumpet  is 
constructed. 

C,  What  is  that,  sir  ? 

F,  It  is  a  long  tube,  used  for  the  purpose  of  making  the  voice 
heard  at  a  considerable  distance :  the  length  of  the  tude  is  from  6 
to  12  or  15  feet ;  it  is  straight  throughout,  having  at  one  end  a 
large  aperture,  and  the  other  terminates  in  a  proper  shape  and 
size  to  receive  the  lips  of  the  speaker. 

E,  Are  these  instruments  much  in  use  ? 

F,  It  is  believed  that  they  were  more  used  formerly  than  now : 
they  are  certainly  of  great  antiquity.  Alexander  the  Great 
made  use  of  such  a  contrivance  to  communicate  his  orders  to  the 
army ;  by  means  of  which,  it  is  asserted,  he  could  make  himself 
perfectly  understood  at  the  distance  of  10  or  12  miles.  Stentor  is 
celebrated  by  Homer  as  one  who  could  call  louder  than  fifty  men. 
From  Stentor,  the  speaking-trumpet  has  been  called  the  Stentoro- 
phonic  tube. 

C,  Perhaps  Stentor  was  employed  in  the  army  for  the  purpose 
of  communicating  the  orders  of  the  general,  and  he  might  make 
use  of  a  trumpet  for  the  purpose,  and  that  is  what  is  meant  by 
brazen  lungs. 

F.  That  is  not   an    improbable    conjecture^     Well,   besides 
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speaking-trumpets,  there  are  others  contrived  for  assisting  the 
hearing  of  deaf  persons,  which  differ  but  little  from  the  speaking- 
trumpet. 

If  A  and  B  represent  two  trumpets,  placed  in  an  exact  line  at 
the  distance  of  40  feet  or  more  from  one  another,  the  smallest 
whisper  at  a  would  be  distinctly  heard  at  6 ;  so  that  by  a  con- 
trivance to  conceal  the  trumpets,  many  of  those  speaking  figures 
are  constructed  which  are  frequently  exhibited  in  the  metropolis 
and  other  large  towns. 


Fig.  24. 

E.  I  see  how  it  may  be  done :  there  must  be  two  sets  of  trum- 
pets, the  one  connected  with  the  ear  of  the  image  into  which  the 
spectator  whispers,  and  which  conveys  the  sound  to  a  person  in 
another  room,  who,  by  tubes  connected  with  the  mouth  of  the 
image,  returns  the  answer. 

C,  I  saw  the  original  invisible  girl,  which  has  been  deposited 
by  Mr.  Foy  in  the  Polytechnic  Institution  for  the  express  pur- 
pose of  showing  the  principles  of  natural  philosophy  that  were 
employed  in  the  deception.  A  hollow  ball,  about  a  foot  in 
diameter,  is  suspanded  by  ribands :  it  hangs  free,  and  has  four 
trumpet  mouths ;  the  wonder  was  that,  on  asking  a  question  of 
this  ball,  a  female  voice  answered  from  its  interior.  The  fact 
was,  the  trumpet-mouths /acedJ  the  ends  of  a  pipe  concealed  in  the 
frame ;  the  pipe  led  to  an  adjoining  room  where  the  female  was 
concealed. 


CONVERSATION  XIH. 

Of  the  Echo. 

F.  Let  us  turn  our  attention  to  another  curious  subject  relating 
to  sound,  and  which  depends  on  the  air ;  I  mean  the  echo. 

E.  1  have  often  been  delighted  to  hear  my  own  words  repeated, 
and  I  once  asked  Charles  how  it  happened  that,  if  I  stood  in  a 
particular  spot  in  the  garden,  and  shouted  aloud,  my  words  were 
distinctly  repeated ;  whereas,  if  I  moved  a  few  yards  nearer  to 
the  wall,  I  had  no  answer.  He  told  me  that  he  knew  nothing 
more  than  this,  that  in  a  part  of  Ovid's  Metamorphoses  Echo  is 
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represented  as  having  been  a  nymph  of  the  woods,  but  thai, 
pining  away  in  love,  her  voice  was  all  that  was  left  of  her. 

F,  I  apprehend  this  gave  your  sister  but  little  satisfaction  re- 
specting the  cause  of  the  echo.  I  will  endeavour  to  explain  the 
subject.  When  you  throw  a  pebble  into  a  small  pool  of  water, 
what  happens  to  the  waves  when  they  reach  the  margin  ? 

C,  They  are  thrown  back  again. 

F,  The  same  occurs  with  regard  to  the  undulations  in  the  air, 
which  are  the  cause  of  sound.  They  strike  against  any  surface 
fitted  for  the  purpose,  as  the  side  of  a  house,  a  brick  wall,  a  hill, 
or  even  against  trees,  and  are  reflected  or  beat  back  again :  this  is 
the  cause  of  an  echo. 

E,  I  wonder  then  that  we  do  not  hear  echoes  more  frequently. 

F.  There  must  be  several  concurring  circumstances  before  an 
echo  can  be  produced.  For  an  echo  to  be  heard,  the  ear  must  be 
in  the  line  of  rejiectwn, 

C.  I  do  not  know  what  you  mean  by  the  line  of  reflection. 
^  F,  I  cannot  always  avoid  using  terms  tliat  have  not  been  pre- 
viously explained.  This  is  an  instance.  I  will,  however,  explain 
what  is  meant  by  the  line  of  incidence  and  the  line  of  reflection. 
When  you  come  to  Optics,  these  subjects  will  be  made  familiar  to 
you.     You  can  play  at  marbles  ? 

C,  Yes,  and  so  can  Emma. 

F.  Suppose,  you  were  to  shoot  a  marble  against  the  wainscot, 
what  would  happen  ? 

C.  That  depends  in  the  direction  in  which  I  shoot  it :  if  I 
stand  directly  opposite  to  the  wainscot,  the  marble  will,  if  I  shoot 
it  strong  enough,  return  to  my  hand. 

F,  The  line  which  the  marble  describes  in  going  to  the  wall  is 
called  the  line  of  incidence,  and  that  which  it  makes  in  returning 
is  the  line  of  reflection, 

E.  But  they  are  both  the  same. 

F,  In  this  particular  instance  they  are  so :  but  suppose  you 
shoot  obliquely  or  sideways  against  the  board,  will  tne  marble 
return  to  the  hand  ? 

C,  O  no !  it  will  fly  off  sideways,  in  a  contrary  direction. 

F,  There  the  line  it  describes  hefore  the  stroke,  or  the  line  of 
incidence,  is  different  from  that  of  reflection,  which  it  makes 
after  the  stroke,  I  will  give  you  another  instance  ;  if  you  stand 
before  the  looking-glass  you  see  yourself,  because  the  rays  of 
light  flow  from  you,  and  are  reflected  back  again  in  the  same 
line.  But  let  Emma  stand  on  one  side  of  the  room,  and  you  on 
the  other  side,  you  both  see  the  glass  at  the  upper  end  of  the 
room  ? 

E,  Yes,  and  I  see  Charles  in  it  too. 
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C.  I  see  Emma,  but  I  do  not  see  myself. 

F.  This   happens  just   like   the  _ 

marble  which  you  shot  sidewise. 
The  rays  flow  from  Emma  ob- 
liquely on  the  glass,  upon  which 
they  strike  and  fly  oft'  in  a  contrary 
direction,  and  by  them  you  see  her.  \, 

I  will  apply  this  to  sound.    If  a  bell  \ 

a  be  struck,  and  the  undulation  of  \>^ 

the  air  strike  the  wall  c  cZ  in  a  per-  * 

pendicular  direction,   they  will   be  ^'K-  25. 

reflected  back  in  the  same  line ;  and  if  a  person  were  properly 
situated  between  a  and  c,  as  at  ic,  he  would  hear  the  sound  of  the 
bell  by  means  of  the  undulations  as  they  went  to  the  wall,  and  he 
would  hear  it  again  as  they  came  back,  which  would  be  the  echo 
of  the  first  sound. 

E.  I  now  understand  the  distinction  between  the  direct  sound 
and  the  echo. 

F.  If  the  undulations  strike  the  wall  obliquely,  they  will,  like 
the  marble  against  the  wainscot,  or  the  rays  of  light  against  the 
glass,  fly  off"  again  obliquely  on  the  other  side,  in  a  reflected  line, 
as  c  m ;  now  if  there  be  a  hill  or  other  obstacle  between  the  bell 
and  the  place  m  where  a  person  happens  to  be  standing,  he  will 
not  hear  the  direct  sound  of  the  bell,  but  only  the  echo  of  it,  and 
to  him  the  sound  will  come  along  the  line  c  m. 

C,  I  have  heard  of  places  where  the  sound  is  repeated  several 
times. 

F,  This  happens  where  there  are  a  number  of  walls,  rocks, 
&c.,  which  reflect  the  sound  from  one  to  the  other;  and  where 
a  person  happens  to  stand  in  such  a  situation  as  to  intercept  all 
the  lines  of  reflection.  These  are  called  tautological  or  babbling 
echoes. 

There  can  be  no  echo  unless  the  direct  and  reflected  sounds 
follow  one  another  at  a  sufficient  interval  of  time  ;  for  if  the  latter 
arrive  at  the  ear  before  the  impression  of  the  direct  sound 
ceases,  the  sound  will  not  be  double,  but  only  rendered  more 
intense. 

E,  Is  there  any  rule  by  which  the  time  may  be  ascertained  ? 

F,  You  must  be  so  placed  in  regard  to  the  reflecting  surface, 
that  the  original  sound  shall  have  died  away  before  the  vibra- 
tion can  be  reflected  back.  If  it  takes  one  second  to  die  away, 
you  must  allow  it  somewhat  more  than  1142  ft. ;  and  should  there- 
fore be  above  half  that  distance,  or  671  feet,  from  the  reflecting 
surface  ;  if  it  takes  two  seconds,  you  must  be  more  than  *ZJ  or 
285J  ft. ;  if  3  seconds,  more  than  ^  or  190J  ft.  distant,  and  so^'on : 
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and  if  several  syllables  are  repeated  before  the  echo  commences, 
you  may  fau*ly  oilculate  how  far  distant  the  reflecting  surface  is, 
from  the  time  that  elapses  between  your  commencing  and  the 
echo  commencing. 


CONVERSATION  XIV. 

Of  the  Echo. 

F,  I  will  now  name  to  you  some  of  the  most  celebrated 
echoes.  At  Roseneath,  near  Glasgow,  there  is  an  echo  that  re- 
peats a  tune  played  with  a  trumpet  three  times  completely  and 
distinctly.  Near  Rome  there  was  one  that  repeated  what  a 
person  said  five  times.  At  Brussels,  there  is  an  echo  that 
answers  16  times.  At  Thombury  Castle,  Gloucestershire,  an 
echo  repeats  10  or  11  times  very  distinctly.  Between'  Cob- 
lentz  and  Bingen  an  echo  is  celebrated  as  different  from  most 
others.  In  common  echoes  the  repetition  is  not  heard  till 
some  time  after  hearing  the  words  spoken  or  notes  sung;  in 
this  the  person  who  speaks  or  sings  is  scarcely  heard,  but  the 
repetition  is  perceived  very  clearly,  and  in  surprising  varieties. 
The  echo  in  some  cases  appears  to  be  approaching,  in  others 
receding ;  sometimes  it  is  heard  distinctly,  at  others  scarcely  at 
all ;  one  person  hears  only  one  voice,  while  another  hears 
several.  And  to  mention  but  one  more  instance,  in  Italy,  near 
Milan,  the  sound  of  a  pistol  is  returned  66  times.  The  inge- 
nious Mr.  Derham  applied  the  echo  to  measuring  inaccessible 
distances. 

C.  How  did  he  do  this  ? 

F.  Standing  on  the  banks  of  the  Thames,  opposite  to  Wool- 
wich, he  observed  the  echo  of  a  single  sound  was  reflected  from 
the  houses  in  three  seconds ;  consequentiy  in  that  time  it  had 
travelled  3426  feet,  the  half  of  which,  or  1713  feet,  was  the 
breadth  of  the  river  in  that  particular  place. 

Did  you  ever  hear  of  the  Whispering  Gallery  in  the  dome  of 
St.  PauFs  Church  ? 

E.  Yes  ;  and  you  promised  to  take  us  to  visit  it  some  time. 

F,  And  I  will  perform  my  promise.  In  the  meanwhile  it 
may  be  proper  to  inform  you,  that  the  circumstance  which  attracts 
every  person's  attention  is,  that  the  smallest  whisper  made  against 
the  wall  on  one  side  of  the  gallery  is  distinctly  heard  on  the  other 
side. 

C,  Is  this  effect  produced  on  the  principle  of  the  echo  ? 
-F.  No ;  it  is  merely  reflection  of^  sound.     The  vaulted  roof  is 
of  such  a  shape,  that  a  line  drawn  from  the  hearer,  and  another 
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from  the  speaker  to  any  spot  make  the  same  angle ;  and  conse- 
quently evtry  spot  sends  a  wave  of  sound  to  the  hearer,  and  he 
tnus  hears  a  sound  of  a  magnified  intensity. 

E,  I  have  heard  of  the  echo  of  Old  Westminster  Bridge, 
papa? 

F,  This  is  somewhat  of  a  similar  nature.  Before  it  was  pulled 
down,  if  you  placed  yourself  in  what  is  called  the  focus  of  one 
of  the  stone  recesses,  and  spoke  toward  the  wall,  while  another 
person  stood  in  the  opposite  recess  with  his  face  to  the  wall,  he 
could  hear  what  you  said,  in  spite  of  the  noise  of  the  carriages. 
The  sound  from  the  lips  is  reflected  in  straight  lines  from  the 
wall,  passes  across  the  road  in  straight  lines,  touches  the  wall  of 
the  other  recess,  and  is  reflected  back  to  the  other  person's  ear  in 
a  focus. 

(7.  Is  there  a  material  difference  in  the  conveyance  of  sound, 
whether  the  medium  be  rough  or  smooth  ? 

F.  The  difference  is  very  great.  Still  water  is,  perhaps,  the 
best  conductor  of  sound.  The  echo  which  I  mentioned  in  the 
neighbourhood  of  Milan  depends  much  on  the  water  over  which 
the  villa  stands.  Dr.  Hutton,  in  his  Mathematical  Dictionary, 
gives  the  following  instance,  as  a  proof  that  moisture  has  a  con- 
siderable effect  upon  sound.  A  house  in  Lambeth  Marsh  is  very 
damp  during  winter,  when  it  yields  an  echo,  which  abates  as  soon 
as  it  becomes  dry  in  summer.  To  increase  the  sound  in  a  theatre 
at  Rome,  a  canal  of  water  was  carried  under  the  floor,  which 
caused  a  great  difference. 

Next  to  water,  stone  is  reckoned  a  good  conductor  of  sound, 
though  the  tone  is  rough  and  disagreeable ;  a  well-made  brick 
wall  has  been  known  to  convey  a  whisper  to  the  distance  of  200 
feet  nearly.  Wood  is  sonorous,  and  produces  the  most  agreeable 
tone,  and  is  therefore  the  most  proper  substance  for  musical  in- 
struments. Of  these  we  shall  say  a  word  or  two  before  we  quit 
the  subject  of  sound. 

E,  All  wind  instruments,  as  flutes,  trumpets,  &c.,  must  depend 
on  the  air ;  but  do  stringed  instruments  ? 

F,  They  all  depend  on  the  vibrations  which  they  make  in  the 
surrounding  air.  I  will  illustrate  what  I  have  to  say  by  means  of 
the  ^olian  harp. 

If  a  cord  eight  or  ten  yards  long  be  stretched  very  tightly 
between  two  points,  and  then  struck  with  a  stick;  the  whole 
string  will  not  vibrate,  but  there  will  be  several  still  places  in  it, 
which  are  called  nodes,  between  which  the  cord  will  move.  Now, 
the  air  acts  upon  the  strings  of  the  .^lian  harp  in  the  same 
manner  as  the  stroke  of  the  stick  upon  the  long  cord  just  men- 
tioned.   Hence  every  string  in  an  .^lian  harp,  tbo^i<^\i  ^V  ^^ Vcw 
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unison,  becomes  capable  of  several  sounds,  from  which  arises  the 
wild  harmony  of  that  instrument. 

The  undulations  of  the  air,  caused  by  the  quick  vibrations  of 
a  string,  are  well  illustrated  by  a  sort  of  mechanical  sympathy 
that  exists  among  accordant  sounds.  If  two  strings  on  dif- 
ferent instruments  are  tuned  in  unison,  and  one  be  struck,  the 
other  will  reply,  though  they  be  several  feet  distant  from  one 
another. 

E.  How  is  this  accounted  for  ? 

F,  The  waves  made  by  the  first  string  being  of  the  same  kind 
as  would  be  made  by  the  second  if  struck,  those  waves  give  a 
mechanical  stroke  to  the  second  string,  and  produce  its  sound. 

C,  If  all  the  strings  on  the  S^\mn  harp  are  set  to  the  same 
note,  will  they  all  vibrate  by  striking  only  one  ? 

F,  They  will ;  but  the  fact  is  well  illustrated  in  this  method : 
bend  little  bits  of  paper  over  each  string,  and  then  strike  one  sufH- 
ciently  to  shake  on  its  paper,  and  you  will  see  the  others  will  fall 
from  their  strings. 

E,  Will  not  this  happen  if  the  strings  are  not  in  umson  ? 

F,  Try  for  yourself.  Alter  the  notes  of  all  the  strings  but  two, 
and  place  the  papers  on  again  ;  vibrate  that  string  which  is  in 
unison  with  another. 

E,  The  papers  on  those  are  shaken  off;  but  the  others  remain. 

F.  A  wet  finger  pressed  round  the  edge  of  a  thin  drinking- 
glass  will  produce  its  key.  If  the  glass  be  struck  so  as  to  pro- 
duce its  pitch,  and  an  unison  to  that  pitch  be  strongly  excited  on 
a  violoncello,  the  glass  will  be  set  in  motion,  and  if  near  the  edge 
of  the  table,  will  be  liable  to  be  shaken  off. 

On  the  same  principle  the  musical  glasses  are  constructed, 
which  are  said  to  produce  sweeter  tones  than  can  be  had  from  any 
other  instrument,  and  that  may  be  swelled  and  softened  at  plea- 
sure by  different  pressures  of  the  finger. 

The  fundamental  facts  on  which  the  whole  depends  are  these. 
The  nature  of  the  tone,  as  to  gravity  or  acuteness,  depends  alto- 
gether upon  the  number  of  vibrations  made  in  a  given  time :  the 
sweetness  of  the  tone  depends  upon  the  vibrating  substance  of  the 
instrument,  and  more  or  less,  also,  upon  the  shape  or  symmetry 
of  the  instrument.  Any  substance  whatever,  when  it  makes  118 
vibrations  in  a  second,  will  yield  a  tone  which  is  in  unison  with 
the  lowest  c  upon  our  violoncellos.  If  any  sonorous  body  give  twice 
this  number,  or  236  vibrations  in  a  second,  the  tone  will  be  c,  an 
octave  higher. '  If  it  be  made  to  give  472  vibrations  in  a  second, 
the  sound  will  be  an  octave  higher  still.  If  the  vibrations  in  a 
second  were  J  of  118,  or  177,  the  sound  yielded  would  be  o, 
a  Gfth  above  the  first  o  \   354,  708,  1416,  &c.,  would  give  a 
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series  of  g*s  successively,  each  an  octave  above  the  preceding. 
And,  in  like  manner,  intermediate  numbers  of  vibrations  easily 
computed  would  yield  all  the  intermediate  tones  and  semitones  in 
an  octave. 


CONVERSATION  XV. 

Of  the  Winds, 

F,  You  know,  my  dear  children,  what  the  wind  is  ? 

C,  You  told  us,  a  few  days  ago,  that  you  should  prove  it  was 
only  the  air  in  motion. 

i\  I  can  show  you  in  miniature,  that  air  in  motion  will  produce 
effects  similar  to  those  produced  by  a  violent  wind. 

I  place  this  little  mill  under  the  receiver  of  the  air-pump  in 
such  a  manner  that  the  air,  when  re-entering,  may  catch  the 
vanes.  I  will  exhaust  the  air ;  now  observe  what  happens  when 
the  stop-cock  is  opened. 

E.  The  vanes  turn  round  with  an  incredible  velocity;  much 
swifter  than  ever  I  saw  the  vanes  of  a  real  windmill,  but  what 
puts  the  air  in  motion,  so  as  to  cause  the  wind  ?  I  mean  in  the 
actual  case  of  the  wind. 

F.  There  are,  probably,  many  conspiring  causes  to  produce  the 
effect.  The  principal  one  seems  to  be  heat  communicated  by  the 
sun. 

(7.  Does  heat  produce  wind  ? 

F,  Heat,  you  know,  expands  all  bodies ;  consequently  it  rare- 
fies the  air,  and  makes  it  lighter.  But  you  have  seen  that  the 
lighter  fluids  ascend,  and  thereby  leave  a  partial  vacuum,  towards 
which  the  surrounding  heavier  air  presses,  with  a  greater  or  less 
quantity  of  motion,  according  to  the  degree  of  rarefaction  or  of 
heat  that  produces  it.  The  air  of  this  room,  by  means  of  the  fire, 
is  much  warmer  than  that  in  the  passage. 

E.  Has  that  in  the  passage  a  tendency  to  flow  into  the 
parlour  ? 

F.  Take  this  lighted  wax-taper  and  hold  it  at  the  bottom  of 
the  door. 

C.  The  wind  blows  the  flame  violently  into  the  room. 

F.  Hold  it  now  at  the  top  of  the  door, 

C,  The  flame  rushes  outwards  there. 

F.  This  simple  experiment  deserves  your  attention.  The  heat 
of  the  room  rarefies  tne  air,  and  the  lighter  particles  ascending,  a 
partial  vacuum  is  made  at  the  lower  part  of  the  room  :  to  supply 
the  deficiency,  the  dense  outward  air  rushes  in,  while  the  lighter 
particles,  as  they  ascend,  produce  a  current  at  the  to^  of  ths^  ^^^^ 
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out  of  the  room.  If  you  hold  the  taper  about  the  middle  space, 
between  the  bottom  and  top,  you  will  find  a  part  in  which  the 
fiame  is  perfectly  still,  having  no  tendency  either  inwards  or  out- 
wards. 

The  smohe-jacky  so  common  in  the  chimneys  of  large  kitchens, 
consists  of  a  set  of  vanes,  something  like  those  of  a  windmill  or 
ventilator,  fixed  to  wheel  work,  which  are  put  in  motion  by  the 
cuirent  of  air  up  the  chimney,  produced  by  the  heat  of  the  fire, 
and  of  course  the  force  of  the  jack  depends  on  the  strength  of  the 
fire,  and  not  upon  the  quantity  of  smoke,  as  the  name  of  the 
machine  would  lead  you  to  suppose. 

E,  Would  you  define  the  wind  as  a  current  of  air  ? 

F.  That  is  a  very  proper  definition ;  and  its  direction  is  deno- 
minated from  that  quarter  from  which  it  blows. 

C.  When  the  wind  blows  from  the  north  or  south,  do  you 
say  it  is  in  the  former  case  a  north-wind,  and  in  the  latter  a  south- 
wind? 

F,  We  do.  The  winds  are  generally  considered  as  of  three 
kinds  independently  of  the  names  which  they  take  from  the 
points  of  the  compass  from  which  they  blow.  These  are  the  con- 
stant, or  those  which  always  blow  in  the  same  direction ;  the 
periodical,  or  those  which  blow  six  months  in  one  direction,  and 
six  in  a  contrary  direction  ;  and  the  variable^  which  appear  to  be 
subject  to  no  general  rules. 

JE.  Is  there  any  place  where  the  wind  always  blows  in  one 
direction  only  ? 

F,  This  happens  to  a  very  large  part  of  the  earth  :  to  all  that 
extensive  tract  that  lies  between  28  to  3Q  degrees  north  and  south 
of  the  equator. 

C,  What  is  the  cause  of  this  ? 

F.  The  equatorial  regions  are  the  hottest  in  the  world  ;  and 
hence  to  the  poles,  the  average  temperature  is  less  and  less.  The 
heated  air  of  the  tropics  rises  to  the  upper  regions  and  passes  ofi^ 
towards  the  poles,  while  the  air  of  the  lower  strata  passes  towards 
the  equator.  Thus  far  it  would  produce  a  constant  north  wind 
on  the  north  of  the  equator,  and  a  south  wind  on  the  south  side. 
But,  as  the  earth  rotates  from  west  to  east,  and  with  its  own 
velocity,  which  these  winds  have  not  acquired,  they  are  as  it 
were  left  behind  ;  and  the  result  is  a  north-east  wind  on  the 
north  of  the  equator,  and  a  south-east  on  the  south  ;  and  at  the 
equator  the  result  is  a  constant  east  wind  ;  the  north  and  the 
south  portions  neutralising  each  other  and  leaving  only  the  east. 
These  winds  are  called  trade-winds,  and  have  more  or  less  north 
and  south  in  them  according  as  they  are  more  or  less  distant  from 
the  equator. 
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E,  In  what  part  of  the  globe  do  the  periodical  winds  prevail  ? 

F.  They  prevail  in  several  parts  of  the  Eastern  and  Southern 
Oceans,  and  evidently  d^J^end  on  the  sun ;  for  when  the  apparent 
motion  of  that  body  is  north  of  the  equator,  that  is,  from  the  end 
of  March  to  the  same  period  in  September,  the  wind  sets  in  from 
the  south-west ;  and  the  remainder  of  the  year,  while  the  sun  is 
south  of  the  equator,  the  wind  blows  from  the  north-east.  These 
are  called  the  monsoons,  or  shifting  trade-winds,  and  are  of 
considerable  importance  to  those  who  make  voyages  to  the  East 
Indies. 

O,  Do  these  changes  take  place  suddenly  ? 

F,  No ;  some  days  before  and  after  the  change  there  are  calms, 
variable  winds,  and  frequently  the  most  violent  storms. 

On  the  greater  part  of  the  coasts  situated  between  the 
tropics,  the  wind  blows  towards  the  shore  in  the  daytime,  and 
towards  the  sea  by  night.  These  winds  are  called  sea  and  land 
breezes ;  they  are  affected  by  mountains,  the  course  of  rivers, 
tide,  &c. 

U.  Is  it  the  heat  of  the  sun  by  day  that  rarefies  the  air  over  the 
land,  and  thus  causes  the  wind  ? 

F.  It  is ;  the  following  easy  experiment  will  illustrate  the 
subject. 

In  the  middle  of  a  large  dish  of  cold  water  put  a  water-plate 
filled  with  hot  water ;  the  former  represents  the  ocean,  the  latter 
the  land,  rarefying  the  air  over  it.  Hold  a  lighted  candle  over 
the  cold  water,  and  blow  it  out ;  the  smoke,  you  see,  moves 
towards  the  plate.  Reverse  the  experiment,  by  filling  the  outer 
vessel  with  warm  water,  and  the  plate  with  cold,  the  smoke  will 
move  from  the  plate  to  the  dish. 

C.  In  this  country  there  is  no  regularity  in  the  direction  of 
the  winds:  sometimes  the  easterly  winds  prevail  for  several 
days  together,  at  other  times  I  have  noticed  the  wind  blowing 
from  all  quarters  of  the  compass  two  or  three  times  in  the  same 
day. 

F,  The  variableness  of  the  wind  in  this  island  depends  probably 
on  a  variety  of  causes ;  for  whatever  destroys  the  equilibrium  in 
the  atmosphere,  produces  a  greater  or  less  current  of  wind  towards 
the  place  where  tlie  rarefaction  exists. 

C.  Is  there  any  method  of  ascertaining  the  velocity  of  the 
wind  ? 

F.  Yes  :  several  machines  have  been  invented  for  the  purpose. 
Dr.  Derham,  by  means  of  the  flight  of  small  downy  featners, 
contrived  to  measure  the  velocity  of  the  great  storm  which 
happened  in  the  year  1705,  and  he  found  that  the  wind  moved 
33  feet  in  half  a  second,  that  is,  at  the  rate  of  45  miles  \v&t  Vi<crax  \ 
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aild  it  has  been  proved  that  the  force  of  such  a  wind  is  equal  to 
the  perpendicular  force  of  10  pounds  avoirdupois  weight  on  every 
square  foot.  Now  if  you  consider  the  sifrface  which  a  large  tree, 
with  all  its  branches  and  leaves,  presents  to  the  wind,  and  the 
great  length  of  lever  at  which  the  forces  act,  you  will  not  be  sur- 
prised that,  in  great  storms  some  of  them  should  be  torn  up  by 
the  roots. 

E.  Is  the  velocity  of  46  miles  an  hour  supposed  to  be  the  great- 
est velocity  of  the  wind  ? 

F.  Dr.  Derhara  thought  the  greatest  velocity  to  be  about  60 
miles  per  hour ;  but  we  have  no  doubt  that  the  velocity  is  often 
considerably  greater.  Lunardi  and  Grarnerin  were  carried  in 
their  respective  balloons  at  the  rate  of  70  miles  an  hour,  and  not 
in  the  time  of  a  violent  storm.  We  have  tables  calculated  to  show 
the  force  of  the  wind  at  all  velocities  from  1  to  100  miles  per 
hour. 

C,  Does  the  force  bear  any  general  proportion  to  the  ve- 
locity ? 

I\  Yes,  it  does ;  the  force  increases  as  the  sqtmre  of  the  ve- 
locity. 

E,  Do  you  mean,  that  if  on  a  piece  of  board,  exposed  to  a  given 
wind,  there  is  a  pressure  equal  to  1  pound,  and  the  same  board  be 
exposed  to  another  wind  of  douhle  velocity,  the  pressure  will  be  in 
this  case  4  times  greater  than  it  was  before  ? 

F,  That  is  the  rule.  The  following  short  table,  selected  from  a 
larger  one  out  of  Dr.  Button's  Dictionary,  will  fix  the  rule  and 
facts  in  your  memory. 


XA.X>AjJ3j« 

Velocitvofthe  Wind, 
in  Miles  per  Hour. 

Perpendicular  Force 
on  1  Square  Foot  in 
Pounds  Avoirdupois. 

Common  Appellations  of  the  Wind. 

5 
10 
20 
40 
80 

.123 

•492 

1-968 

7-872 

31-488 

Gentle  pleasant  wind. 
Brisk  gale. 
Very  brisk. 
High  wind. 
A  hurricane. 

E.  Did  we  not  see  an  instrument  for  measuring  wind  at  the 
Polytechnic,  papa? 

F,  Yes,  dear  ;  it  was  Osier's  anemometer :  it  not  only  measures 
the  pressure  and  direction  of  the  wind,  but  it  writes  them  down 
in  pencil.     The  vane  on  the  top  of  the  building  presents  a  square 
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plate  to  the  wind  ;  this  plate  is  mounted  on  certain  springs,  which 
are  more  or  less  pressed  upon,  as  the  wind  is  higher  or  not.  The 
rate  of  pressure  is  communicated  to  a  rod,  which  passes  down  in 
the  interior  of  the  building,  and  carries  a  pencil  point :  this  point 
varies  its  position,  according  as  the  pressure  varies  ;  and  a  sheet  of 
paper  divided  into  hours  passes  by  means  of  clockwork  beneath  the 
pencil,  and  receives  the  record.  A  similar  pencil  point,  connected 
with  the  vane,  registers  the  change  of  wind. 

C,  But  that  is  surely  not  Osier's  anemometer  on  the  Royal 
Exchange  ?  « 

F,  No  ;  it  is  Whewell*s :  it  registers  the  velocity  of  the  wind ; 
you  observe  the  fly  rotating ;  of  course  it  moves  faster  as  the  wind 
is  higher,  and  the  registered  result  varies  accordingly. 

Bote, — Mr.  Brice  discovered,  from  observations  pn  the  clouds, 
or  their  shadows  moving  on  the  surface  of  the  earth,  that  the  ve- 
locity of  wind  in  a  storm  was  nearly  63  miles  an  hour,  21  miles  in 
a  fresh  gale,  and  nearly  10  miles  in  a  breeze.  These,  however, 
are  not  very  accurate  estimates. 


CONVERSATION  XVI. 

Of  the  Steam-Engine, 

C,  To  whom  is  the  world  indebted  for  the  steam-engine  ? 

F,  It  is  difficult,  if  not  impossible,  to  ascertain  who  was  the 
inventor.  The  Marquis  of  Worcester  described  the  principle  in 
a  small  work,  entitled  "  A  Century  of  Inventions,"  whicn  was 
published  in  the  year  1663,  and  was  reprinted  a  few  years  since  in 
the  second  volume  of  Dr.  Gregory's  "  Mechanics.'* 

E,  Did  the  marquis  construct  one  of  these  engines  ? 

F,  No ;  the  invention  seems  to  have  been  neglected  for 
several  years,  when  Captain  Thomas  Savery  after  a  variety  of 
experiments,  brought  it  to  some  degree  of  perfection,  by  which 
he  was  able  to  raise  water,  in  small  quantities,  to  a  moderate 
height. 

C.  Did  he  take  the  invention  from  the  Marquis  of  Worcester's 
book? 

F,  Dr.  Desaguliers,  who,  in  the  middle  of  the  last  century, 
entered  at  large  into  the  discussion,  maintains  that  Captain 
Savery  was  wholly  indebted  to  the  marquis,  and,  to  conceal  the 
piracy,  he  charges  him  with  having  purchased  all  the  books 
which  contained  the  discovery,  and  burned  them.  Captain 
Savery,  however,  declared  that  he  was  led  to  the  discovery  by 
the  following  accident :    "  Having  drunk  a  flask  o^  ¥Vw«wyi  niS^fc 
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at  a  tavern,  and  thrown  the  flask  on  the  fire,  he  perceived  that 
the  few  drops  in  it  were  converted  into  steam  ;  this  induced  him 
to  snatch  it  from  the  fire,  and  plunge  its  neck  into  a  basin  of  water, 
which,  by  the  atmospheric  pressure,  was  driven  quickly  into  the 
bottle.*' 

E,  This  was  something  like  an  experiment  which  I  have  often 
seen  at  the. tea- table.  If  I  pour  half  a  cup  of  water  into  the  saucer, 
then  hold  a  piece  of  lighted  paper  in  the  cup  a  few  seconds,  and 
when  the  cup  is  pretty  warm,  plunge  it  with  the  mouth  downwards 
into  the  saucer,  the  water  almost  inst%^tly  disappears. 

F.  In  both  cases  the  principle  is  exactly  the  same  :  the  heat  of 
the  burning  paper  converts  the  water  that  hung  about  the  cup 
into  steam  ;  but  steam,  being  much  lighter  than  air,  expels  the  air 
from  the  cup,  which  being  plunged  into  the  water,  the  steam  is 
quickly  condensed,  and  a  partial  vacuum  is  made  in  the  cup;  con- 
sequently the  pressure  of  the  atmosphere  upon  the  water  in  the 
saucer  forces  it  into  the  cup,  just  in  the  same  manner  as  the  water 
follows  the  vacuum  made  in  the  pump. 

C.  Is  steam,  then,  used  for  the  purpose  of  making  a  vacuum, 
instead  of  a  piston  ? 

F,  It  is  ;  and  I  will  endeavour  to  give  you  a  general  explana- 
tion of  Mr.  Watt's  engines,  without  entering  into  all  the  mmutise 
of  the  several  parts. 

A  is  a  section  of  the  boiler,  about  half  full  of  water,  standing 
over  a  fire :  b  is  the  steam-pipe  which  conveys  the  steam  from 
the  boiler  to  the  cylinder  c,  in  which  the  piston  d,  made  air-tight, 
works  up  and  down  ;  a  and  e  are  the  steam-valves,  through  which 
the  steam  enters  into  the  cylinder ;  it  is  admitted  through  a  when 
it  is  to  force  the  piston  downwards,  and  through  e  when  it  presses 
it  upwards :  b  and  d  are  the  eduction  valves,  through  which  the 
steam  passes  from  the  cylinder  into  the  condenser  e,  which  is  a 
separate  vessel  placed  in  a  cisteni  of  cold  water,  and  which  has  a 
jet  of  cold  water  continually  playing  up  the  inside  of  it :  /is  the 
air  pump,  which  extracts  the  air  and  water  from  the  condenser. 
It  is  worked  by  the  great  beam  or  lever  b  s,  and  the  water  taken 
from  the  condenser,  and  thrown  into  the  hot  well  ^,  is  pumped 
up  again  by  means  of  the  pump  y,  and  carried  back  into  the  boiler 
by  the  pipe  i  i :  k  is  another  pump,  likewise  worked  by  the  engine 
itself,  which  supplies  the  cistern,  in  which  the  condenser  is  fixed, 
with  water. 

C,  Are  all  three  pumps,  as  well  as  the  piston,  worked  by  the 
action  of  the  great  beam  ? 

F,  They  are:  and  you  see  the  piston-rod  is  fastened  to  the 
beam  by  inflexible  bars:  but  that  the  stroke  might  be  perpen- 
dicular, Mr.  Watt  invented  the    machinery  called   the   parallel 
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joint,  the  construction  of  which  will  be  easilj  understood  from  tha 


E.  How  are  the  valves  openet)  and  shut  ? 

F.  Long  levers  o  and  p  are  attached  lo  them,  which  are  moved 
up  and  down  by  the  piston-rod  of  the  air-])ump  e  r.  In  order 
to  communicate  a  rotatory  motion  to  any  machinery  by  the  motions 
of  the  beam,  Mr.  Wat)  made  use  of  a  large  fly-wheel  s,  on  the  axis 
of  which  is  a  small  concentric  toothed  wheel  h  ;  a  limilar  toothed 
wheel  I  is  fast^'ned  to  a  rod  t  coming  from  the  end  of  the  beam,  so 
that  it  cannot  turn  on  its  aiis,  but  must  rise  and  &11  with  the 
motion  of  the  great  beam. 

A  bar  o!  iron  connecU  the  centres  of  the  t«o  sW>\.  Xivt'^K^- 
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wheels ;  when,  therefore,  the  beam  raises  the  wheel  i,  it  must 
move  round  the  circumference  of  the  wheel  h,  and  with  it  turn 
the  fly-wheel  x  ;  which  will  make  two  revolutions  while  the  wheel 
I  goes  round  it  once.  These  are  called  the  sun  and  planet  wheels ; 
H,  like  the  sun,  turns  only  on  its  axis,  while  i  revolves  about  it  as 
the  planets  revolve  round  the  sun.  In  modern  engines,  cranks  are 
used  in  place  of  these  toothed-wheels. 

If-  to  the  centre  of  the  fly-wheel  any  machinery  were  fixed, 
the  motion  of  the  great  beam  b  s  would  keep  it  in  constant 
work.    ' 

G.  Will  you  describe  the  operation  of  the  engine  ? 
F,  Suppose  the  piston  at  the  top  of  the  cylinder,  as  it  is  re- 
presented in  the  plate,  and  the  lower  part  of  the  cylinder  filled 
with  steam.  By  means  of  the  pump-rod  e  r,  the  steam  valve  a 
and  the  eduction  valve  d  will  be  opened  together,  the  branches 
from  them  being  connected  at  a.  There  being  now  a  commu- 
nication at  d  between  the  cylinder  and  condenser, 
the  steam  is  forced  from  the  former  into  the  latter, 
leaving  the  lowest  part  of  the  cylinder  empty,  while 
the  steam  from  the  boiler  entering  by  the  valve  a 
presses  upon  the  piston,  and  forces  it  down.  As 
soon  as  the  piston  has  arrived  at  the  bottom,  the 
steam  valve  c  and  the  eduction  valve  h  are  opened, 
while  those  at  a  and  d  are  shut ;  the  steam,  there- 
fore, immediately  rushes  through  the  eduction  valve 
h  into  the  condenser,  while  the  piston  is  forced  up 
again  by  the  steam  which  is  now  admitted  by  the 
valve  c. 

Fig.  27,  Hence  you  observe,  that  the  steam  is  condensed 

in  a  separate  vessel,  for  the  purpose  of  forming  a 

vacuum  under  the  piston ;  the  force  of  steam  is  also  introduced 

above  the  piston  to  depress  it,  an  operation  that  was  formerly  done 

by  the  pressure  of  the  atmosphere. 

Meditate  upon  what  we  have  now  said,  and  ere  long  I  hope  we 
shall  be  able  to  pursue  the  subject. 


CONVEBSATION  XVII. 

Of  the  Steam'Engine, —  Of  the  Locomotive, 

C,  I  do  not  understand  how  the  two  sets  of  valves  act,  which 
you  described  yesterday  as  the  steam  and  eduction  valves. 
F.  If  you  look  to  fig.  27,  there  is  a  different  view  of  this  part 
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of  the  machine,  unconnected  with  the  rest :  s  is  part  of  the  pipe 
which  brings  the  steam  from  the  boiler,  and  a  represents  the  valve 
which,  being  opened,  admits  the  steam  into  the  upper  part  of  the 
cylinder,  forcing  down  the  piston. 

JS,  Is  not  the  valve  d  opened  at  the  same  time  ? 

F,  It  is ;  and  then  the  steam  which  was  under  the  piston  is 
forced  through  into  the  condenser  e.  When  the  piston  arrives  at 
the  bottom,  the  other  pair  of  valves  are  opened,  viz.  c  and  6; 
through  c  the  steam  raises  the  piston,  and  through  b  the  steam, 
which  pressed  the  piston  down  before,  is  driven  out  into  the  pipe 
r,  leading  to  the  condenser ;  in  this  there  is  a  jet  of  cold  water 
constantly  playing  up,  and  thereby  the  steam  is  instantly  reduced 
into  the  state  of  water. 

C.  Then  the  condenser  e  (see  the  figure  at  p.  261)  will  soon  be 
full  of  water  ? 

F,  It  would,  if  it  were  not  connected  by  the  pipe  z  with  th« 
pump  /;  and  every  time  the  great  beam  b  s  is  brought  down,  the 
plunger,  at  the  bottom  of  the  piston-rod  b  f,  descends  to  the  bottom 
of  the  pump. 

E.  Is  there  a  valve  in  the  plunger  ? 

F,  Yes,  which  opens  upwards ;  consequently,  all  the  water 
which  runs  out  of  the  condenser  into  the  pump  wiU  escape  through 
the  valve,  and  be  at  the  top  of  the  plunger,  and  the  valve  not 
admitting  it  to  return,  it  will,  by  the  ascent  of  the  piston-rod 
into  the  situation  shown  in  the  plate,  be  driven  through  n  into  g, 
the  cistern  of  hot  water,  from  which,  owing  to  a  valve,  it  cannot 
return. 

C.  And  I  see  the  same  motion  of  the  great  beam  puts  the  pump 
y  into  action,  and  brings  over  the  hot  water  from  the  cistern  g, 
through  the  pipe  i  i  into  the  little  cistern  v,  which  supplies  the 
boiler. 

E,  If  the  pump  h  brings  in,  by  the  same  motion,  the  water  from 
the  well  w,  do  not  the  hot  and  cold  water  intermix  ? 

F.  No ;  if  you  look  carefully  in  the  figure,  you  will  observe 
a  strong  partition  v,  which  separates  the  one  from  the  other. 
Besides,  you  may  perceive  that  the  hot  water  does  not  stand  at 
so  high  a  level  as  the  cold,  which  is  a  sufficient  proof  that  they 
do  not  communicate.  Indeed,  the  operation  of  the  engine  would 
be  greatly  injured,  if  not  wholly  stopped,  if  the  hot  water  com- 
municated with  the  cold  ;  as  in  that  case  the  water,  being  at  a 
medium  heat,  would  be  too  warm  to  condense  the  steam  in  e,  and 
too  cold  to  be  admitted  into  the  boiler  without  checking  the  pro- 
duction of  the  steam. 

C,  There  are  some  parts  of  the  apparatus  belonging  to  the 
boiler  which  you  have  not  yet  explained.   What  is  the  ^eas«w.^!K8^. 
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Ilie  pipe  9,  which  conveys  the  water  from  the  cistern  t  to  the 
boiler,  is  turned  up  at  the  lower  end  ? 

F,  If  it  were  not  bent  in  that  manner,  the  steam  that  is 
generated  at  the  bottom  of  the  boiler  would  rise  into  the 
pipe,  and  in  a  great  measure  prevent  the  descent  of  the  water 
through  it. 

E,  In  this  position  I  see  clearly  no  steam  can  enter  the  pipe, 
because  steam,  being  much  lighter  than  water,  must  rise  to  the 
surface,  and  cannot  possibly  sink  through  the  bended  part  of  the 
tube.    What  does  m  represent  ? 

F.  It  represents  a  stone  suspended  on  a  wire,  which  is  shown 
by  the  dotted  line  :  this  stone  is  nicely  balanced  by  means  of  a 
lever,  to  the  other  end  of  which  is  another  wire  connected 
with  a  valve  at  the  top  of  the  pipe  q,  that  goes  down  from  the 
cistern. 

^  C,  Is  the  stone  so  balanced  as  to  keep  tho  valve  sufficiently  open 
to  admit  a  proper  quantity  of  water  ? 

F,  It  is  represented  by  the  figure  in  that  atuation.  By  a 
principle  in  hydrostatics,*  with  which  you  are  acquainted,  the 
stone  is  partly  supported  by  the  water:  if  then  by  increasing 
the  fire,  too  great  an  evaporation  take  place,  and  the  water  in 
the  boiler  sink  below  its  proper  level,  the  stone  also  must  sink, 
which  will  cause  the  valve  to  o{)en  wider,  and  let  that  from  the 
cistern  come  in  faster.  If,  on  the  other  hand,  the  evaporation 
be  less  than  it  ought  to  be,  the  water  will  have  a  tendency  to 
rise  in  the  boiler  ;  and  with  that  the  stone  must  rise,  and  the  valve 
will,  consequently,  let  the  water  in  with  less  velocity :  by  this 
neat  contrivance,  the  water  in  the  boiler  is  always  kept  at  one  level. 

E,  What  are  the  pipes  t  and  u  for  ? 

F,  They  are  seldom  used,  but  are  intended  to  show  the  exact 
height  of  the  water  in  the  boiler.  The  one  at  t  reaches  very  nearly 
to  the  surface  of  the  water  when  it  is  at  the  proper  height :  that  at 
u  enters  a  little  below  the  surface.  If  then  the  water  be  at  its 
proper  height,  and  the  cocks  t  and  u  be  opened,  steam  will  issue 
from  the  fcyrmtr^  and  wcder  from  the  latter.  But  if  the  water  be 
too  highy  it  will  rush  out  at  t  instead  of  steam ;  if  too  low,  the  steam 
will  issue  out  at  u  instead  of  water. 

G,  Suppose  things  to  be  represented  as  in  the  plate,  why  will 
the  water  rush  out  of  the  cock  u  if  it  be  opened  ?  it  will  not  rise 
above  its  level. 

F.  True :  but  you  forget  that  there  is  a  constant  pressure  of  the 
steam  on  the  surface  of  the  water  in  the  boiler  which  tends  to  raise 
the  water  in  the  pipe  u.  This  pressure  would  force  the  water 
through  the  pipe  as  in  an  artificial  fountain.  See  Conversation  VIII. 

*  See  Hydrostatici^  ConTersalioii  XI. 
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E.  You  said  Captain  Savery  was  the  inventor  of  the  steam- 
engine. 

F.  His  invention  went  merely  to  raising  water  from  pits  and 
mines.  But  in  its  present  improved  state,  the  steam-engine  is 
applied  to  a  thousand  useful  and  important  purposes ;  and  the  im- 
provements and  modifications  of  late  years  have  been  very  great 
But  it  would  occupy  us  too  long,  and  take  us  very  much  from  our 
purpose,  were  I  to  attempt  more  than  this  genersu  description.  I 
must  refer  you  to  treatises  on  the  steam-engine  for  further  informa- 
tion. The  engine  1  have  described  acts  by  steam  at  low  pressure  : 
locomotives  require  high-pressure  steam. 

E.  Explain  to  us  the  meaning  of  high-pressure  steam. 

F.  When  water  is  boiled  in  an  open  vessel,  it  b^ins  to  be 
converted  into  steam  as  soon  as  its  temperature  reaches  212^ 
Fahrenheit ;  and  the  bubbles  that  you  observe  rising  &(»n  the 
part  of  the  vessel  which  is  nearest  to  the  fire,  and  ascending  to  the 
surface,  are  steam ;  and,  under  such  circumstances,  one  pint  of 
water  will  produce  1700  pints  of  steam  ;  and  the  water,  so  long 
as  the  steam  is  free  to  escape,  retains  the  temperature  of  212°  and 
no  more,  however  great  the  fire  may  be ;  and  also  keeps  the 
vessel,  in  which  it  is  boiling,  down  to  the  same  temperature,  so 
long  as  any  water  remains. 

O,  Then  I  suppose  that  212°  is  always  the  boiling  point  ? 

j^.  Not  at  all :  it  is  the  boiling-point  of  vxiter ;  and  that  only 
under  the  conditions  in  question. 

F.  Why  do  you  lay  so  much  stress  on  the  word  water  f  I 
thought  that  boiling  hot  was  the  same  for  all  things  boiling. 

F,  No.  The  temperatures  at  which  liquids  boil  are  very 
various;  and  each  has  its  own  boiling-point.  You  may  re- 
member the  practice  of  besieged  citizens  in  the  feudal  times,  who 
poured  boiling  oil  from  the  walls  of  the  town  on  their  assailants, 
which  penetrated  within  their  armour,  and  scalded  them  most 
fearfully,  notwithstanding  the  heat  lost  in  the  operation.  And  no 
wonder ;  for  whale  oil  boils  at  the  high  temperature  of  630°.  On 
the  other  hand,  ether  boils  at  the  low  temperature  of  96°,  and 
spirits  of  wine  at  the  temperature  of  173°. 

F,  Ah  !  now  I  see :  212°  is  the  boiling  point  of  water^  but 
not  necessarily  of  other  liquids. 

F.  Not  so  fast,  my  dear.  The  water  that  is  boiling  in  the 
kitchen  is  hotter  than  the  water  boiling  in  the  garret  Water  on 
a  high  mountain  boils  at  a  lower  temperature  than  water  boiled  in 
a  valley.  At  the  top  of  Mont  Blanc,  for  instance,  Saussure  found 
the  boiling-point  of  water  to  be  187°;  which  is  25°  lower  than 
its  boiling-point  at  the  level  of  the  sea. 

C,  What  is  the  cause  of  these  great  differences  ? 
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F,  Atmospheric  pressure;  Water  in  a  valley  has  the  whole 
of  the  atmosphere  above  it,  and  is  pressed  upon  by  a  column 
equal  in  weight  to  about  30  inches  of  mercury,  or  14|  lbs.  on 
the  square  inch ;  whereas  water  on  a  mountain  has  part  of  the 
atmosphere  beneath  it,  and  therefore  only  a  portion  above  it  and 
pressing  upon  it ;  and  it  is  these  differences  of  pressure  that  cause 
difierences  in  the  boiling-point. 

E,  Then  I  suppose,  papa,  that  water  boils  at  a  very  low  tem- 
perature in  a  vacuum  when  there  is  no  pressure  ? 

F,  It  does ;  and  partly  on  this  principle  depends  a  method  of 

Eroducing  ice  by  the  use  of  the  air-pump.  I  can  illustrate  it, 
owever,  in  a  more  direct  way. — Take  a  clean  Florence  flask,  and 
prepare  a  cork  to  fit  it  well.  Boil  some  water  in  the  flask,  over  a 
lamp,  and  when  on  the  full  boil  cork  it  tight  and  remove  the  lamp ; 
when  the  boiling  will  immediately  cease.  Dip  it  now^  in  a  basin 
of  cold  water,  and  it  will  begin  to  boil  again. 

C,  I  see  how  this  is. — ^The  cold  water  condenses  the  vapour, 
with  which  the  upper  portion  of  the  flask  was  filled,  and  thus 
removes  its  pressure ;  and  consequently,  in  accordance  with  the 
laws  that  you  have  just  given  us,  the  water  boils  although  it  is  a 
little  colder? 

F,  You  are  right ;  and  on  this  account  I  said  that  the  cork 
must  be  placed  in  while  the  boiling  goes  on,  and  consequently, 
the  upper  part  of  the  flask  will  be  full  of  steam  and  not  of  air ; 
for  the  steam  is  at  once  condensed  by  the  application  of  cold, 
whilst  atmospheric  air  is  little  affected. 

(7.  But  how  does  all  this  bear  upon  the  locomotive  engine,  and 
on  high-pressure  steam  ? 

F,  From  the  reply  you  just  gave  me,  I  see  that  you  understand 
the  effect  of  pressure, — that  the  less  it  is,  the  easier  water  boils ; 
and  so,  on  the  other  hand,  the  greater  it  is,  the  higher  is  the 
temperature  of  boiling  water.  The  boiling-point  is  higher  in  the 
depths  of  a  coal-mine,  than  on  the  surface  above.  And  if,  instead 
of  condensing  the  steam,  as  we  did  in  the  Florence  flask,  we  con- 
fine it,  and  add  steam  to  steam,  the  water  gets  much  hotter,  and 
the  elastic  force  of  the  steam  becomes  very  great.  This  plan 
is  pursued  in  the  boilers  of  locomotive  engines,  and  the  steam 
is  accumulated  and  kept  to  a  pressure  of  70  or  80  lbs.  on  the 
square  inch,  or  4  or  6  atmospheres,  and  in  this  state  is  allowed  to 
enter  the  cylinders,  and  act  by  its  elastic  force  against  the'pistons : 
the  temperature  of  the  water  under  these  circumstances  is  from 
306°  to  316°;  being  about  100°  hotter  than  water  boiled  in  an 
open  vessel. 

C,  I  am  very  anxious  to  understand  the  construction  of  a  loco- 
motive  engine,  and  the  uses  of  its  several  parts. 
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F,  The  whole  machine  consists  essentially  of  two  parts,  the 
engine  propeiij  so  called,  and  the  tender,  which  carries  the  water 
and  fuel.  The  drawing  before  you  (fig.  28.)  is  the  section  of  a 
locomotive  engine.  The  fire  is  contained  in  a  large  space  a,  called 
the  fire-box ;  and  the  communication  between  the  fire  and  the 
chimney  B,  instead  of  being  by  means  of  a  single  flue,  consists  of 
a  large  number  of  brass  tubes  c  c  c  c,  about  2  inches  in  diameter, 
passing  bodily  through  the  boiler  d  :  the  number  and  arrangement 
of  these  tubes  depend  on  the  purposes  for  which  the  engine  is 
required.  Two  or  three  hundred,  and  even  more,  are  introduced 
in  powerful  engines. 

C,  What  is  the  object  of  all  these  tubes  ? 

F,  It  is  to  increase  the  heating  surface  ;  that  is,  to  allow  the 
fire  and  the  boiler  to  come  into  contact  over  a  very  large  amount 
of  space.  For  in  order  to  keep  up  the  high  pressure  required,  it 
is  necessary  that  the  steam  be  generated  very  rapidly  ;  which  is 
accomplished  by  having  an  intensely  hot  fire,  and  by  presenting  a 
large  surface  of  water  to  the  fire.  If  you  look  more  carefully  to 
the  figure,  you  will  see  that  this  is  commenced  by  an  extension  of 
the  boiler  ic  b  b,  which  surrounds  the  fire-box ;  in  fact,  with  the 
exception  of  the  space  occupied  by  the  fire-bars  f,  and  the  fire- 
door  G,  the  fire  is  bounded  on  all  sides  by  the  water  in  the  boiler. 
But,  large  though  this  surface  is,  the  tubes  present  many  times  as 
much  more.  As,  for  instance,  Crampton's  express  engine  shown 
at  the  Great  Exhibition  had  164  ft.  of  heating  surface  in  the  fire- 
box; and  2136  ft.  in  the  tubes;  making  a  total  of  2290  square 
feet,  being  nearly  equal  to  a  single  surface  48  ft.  square.  The 
engine  made  and  exhibited  by  the  Great  Western  Railway 
Company  had  150  ft.  of  fire-box  surface,  and  1759  ft.  of  tube 
surface,  in  all  1909  square  feet.  And  this  engine  had  305 
tubes. 

C.  I  had  no  idea  that  so  large  a  surface  of  the  boiler  was  pre- 
sented to  the  fire :  but  I  see  the  necessity  of  some  such  arrange- 
ment, in  order  to  keep  up  the  large  supply  of  steam  that  is  used 
and  then  escapes  from  the  funnel.  Where  is  this  steam  collected, 
and  how  is  it  applied  ? 

F,  The  lower  or  shaded  part  of  the  boiler  represents  the  water ; 
the  upper  and  light  part  the  steam  space.  An  elevation  h  is  seen 
on  the  boiler  sometimes  near  the  funnel,  sometimes  elsewhere. 
It  is  a  strong  cylinder  of  iron,  and  is  concealed  from  the  eye 
within  a  dome.  Inside  this  cylinder  is  the  steam-pipe  i,  being 
the  channel  through  which  the  steam  passes,  in  order  to  do  its 
work;  its  mouth  is  funnel-shaped,  and  then  raised  up  high,  in 
order  as  much  as  possible  to  prevent  particles  of  water  passing 
with  the  steam  into  the  cylinders,  technically  termed  priming^ 
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which  is  both  inconvenient  and  mischievous.  In  front  of  the 
steam-pipe  is  the  regulator  k,  consisting  of  two  discs  face  to 
face,  each  having  corresponding  openings.  In  one  position,  the 
openings  of  one  disc  are  faced  by  the  perfect  parts  of  the  other, 
and  the  regulator  is  closed  ;  in  another  position,  the  openings 
correspond,  and  the  regulator  is  open.  A  rod  l  extends  from 
the  regulator  through  the  steam  space,  and  terminates  in  a  handle 
or  lever  m,  by  which  the  engine-driver  regulates  the  supply  of 
steam. 

E,  Why,  that  is  just  like  the  little  brass  ventilator  on  the  oven- 
door  in  the  kitchen  range. 

F.  It  is ;  and  the  valve  on  the  top  of  a  balloon,  which  is 
opened  or  closed  by  ropes  passing  through  the  body  of  the  bal- 
loon into  the  car,  and  by  which  gas  is  let  out,  is  of  a  similar 
construction.  On  leaving  the  regulator,  the  steam  passes  on- 
ward by  the  pipe  n,  and  diverges  by  two  pipes,  of  which  one  o 
is  seen.  These  lead  respectively  each  to  a  valve-box  p;  and 
from  these  boxes,  the  steam  is  admitted  by  the  valves  along  the 
passages  q  q  into  the  cylinder  s,  alternately  on  each  side  of  the 
piston  8.  When  the  piston  is  at  the  end  of  the  stroke,  other 
valves  open,  and  the  steam,  having  done  its  work,  is  directed  to 
the  pipe  t,  called  very  justly  the  hlast-pipe ;  for  the  exhausted 
steam  is  still  in  a  high  state  of  pressure,  and  rushes  violently 
through  the  blast-pipe,  and  escapes  in  those  well-known  dense 
clouds,  through  the  funnel  B. 

C.  W^hat  a  very  strong  draft  this  must  cause  in  the  chimney  ? 

F,  It  does;  and  thus,  after  having  performed  its  duty  in 
moving  the  piston,  it  here  does  the  final  duty  analogous  to  that  of 
powerful  bellows  ;  for,  rushing  violently  up  the  funnel,  it  greatly 
increases  the  current  of  heated  air  through  the  tubes,  and  hence 
promotes  the  intensity  of  the  fire.  Tiie  space  u  surrounding  the 
blast-pipe  is  called  the  smoke-box,  and  is  furnished  with  a  door  v, 
which,  when  open,  exposes  the  ends  of  all  the  tubes,  and  is  neces- 
sary that  the  engineer  may  pass  a  long  rod  through  each  tube,  and 
clean  it  from  dust  and  coke. 

The  boiler  is  protected  by  two  safety-valves;  one,  w,  over 
the  dome  h,  which  is  adjusted  to  the  regulated  amount  of  pres- 
sure, 70  or  80  lbs. ;  or,  in  the  engines  I  have  quoted,  120  lbs. 
per  square  inch ;  and  which  lets  off  the  steam,  should  it  exceed 
the  given  pressure.  The  other,  x,  is  within  reach  of  the  driver, 
and  by  which  he  regulates  to  a  lower  pressure,  as  he  may  re- 
quire. 

C.  I  see  clearly  why  this  prevents  too  much  steam  accu- 
mulating in  the  steam-space,  and  risking  an  explosion.  But 
how  does  the  driver  dbcover  that  the  steam-space  itself  doe& 
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not  vary  in  size  ?     I  mean,  that  the  water  continues  to  its  proper 
level  ? 

F,  He  has  before  him  a  strong  glass  tube,  the  lower  end  of 
which  is  fixed  into  a  cock  that  enters  the  water,  and  the  upper 
end  into  a  cock  that  enters  the  steam-space.  The  water  in  this 
tube  should  show  the  same  level  as  that  in  the  boiler,  and  is  a 
guide  to  the  eye :  as  a  still  further  security,  there  are  two  gauge- 
cocks  at  a  and  h,  one  of  which  should  blow  off  steam  and  the 
other  water,  if  all  is  right. 

E,  But  if  the  man  finds  too  little  water,  how  does  he  manage 
to  put  in  more  ?  it  must  boil  away  very  fast  to  make  so  much 
steam. 

F,  He  carries  with  him  a  supply  of  water  in  the  tender  (the 
Great  Western  engine  above  mentioned  carries  1600  gallons)  ; 
and  the  engine  is  furnished  with  pumps,  which  are  allowed  to 
act,  and  pump  water  into  the  boiler  as  required,  the  motion  of 
the  engine  working  the  pumps.  The  consumption  of  water 
depends  upon  the  engine  itself  and  on  the  amount  of  work 
done,  and  may  vary  from  20  gallons  per  mile  and  upwards ;  and 
8  or  10  lbs.  of  coke  will  convert  a  cubic  foot  of  water  into  steam. 

C,  And  now  tell  us  how  the  motion  of  the  piston  propels  the 
engine. 

F,  The  piston-rod  t  is  attached  by  the  connecting-rod  z  to 
the  crank  c,  and  thus  turns  the  axle  c?,  and  with  it  the  driving- 
wheel  e.  This  wheel  is  sometimes  coupled  by  a  rod  to  another 
wheel,  and  sometimes  not.  It  grips  the  rail  as  it  revolves,  and 
thus  causes  the  engine  to  progress.  The  grip  is  caused  by  the 
mere  dead  weight  of  the  engine  pressing  upon  the  rails.  Under 
certain  unfavourable  circumstances,  the  wheels  slip  round  on  the 
rails  and  do  not  move  onward ;  this  is  when  the  rails  are  wet  and 
greasy.  In  such  cases,  sand  is  thrown  on  the  rail  in  front  of  the 
driving-wheel :  for  which  purpose  an  iron  box  is  fixed  on  the 
engine-frame,  with  a  tube  leading  down  in  front  of  the  driving- 
wheel  and  near  to  the  rail. 

The  axle  that  carries  the  driving-wheel,  carries  also  several 
eccentrics,  to  which  ^are  attached  rods  leading  to  the  various 
steam  valves ;  and  these  rods  are  so  adjusted  as  to  open  and 
close  their  respective  valves  in  the  proper  order.  If  to  these  I 
add  that  the  tender  (fig.  29.)  consists  of^a  large  iron  tank  mounted 
on  wheels  ;  that  the  tank  is  connected  with  the  pumps  /  by  the 
pipes  g  g,  that  space  is  provided  for  the  necessary  quantity  of 
coke,  and  that  it  is  furnished  with  the  breaks  x,  which  by  means 
of  a  lever  and  screw  apply  wooden  blocks  h  h  h  h  to  the  wheels 
when  the  engine  is  to  be  brought  to  a  stand,  I  have  explained  the 
leading:  parts  of  a  locomotive  engine. 
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The  engine  has  buffers  or  spring  cuahiona  i,  and  so  has  the 
fender;  there  are  also  butTers  between  fhe  engineand  tender 
to  absorb  the  force  of  blows  :  k  is  a  safety  cock,  for  clearing 
the  cylinder  of  wafer  (  I  ia  the  pipe  through  which  fhe  wafer 
paases  irom  the  pumps  into  the  boiler;  m  is  the  foot-plate  on 
which  the  driver  stands,  with  the  rail  n  for  his  protection  ;  o  is 
the  sleam  whislle,  which  is  really  a  brass  bell,  fhat  is  sounded  by 
the  rush  of  steam. upon  its  edges  from  a  circular  opening  around 
the  lower  hemisphere ;  j)  is  fhe  lever  for  opening  a  steam-way  to 
fhe  whistle. 

C.  Before  we  conclude,  I  should  be  glad  to  have  some  idea 
of  the  load  that  can  he  drawn  by  powerful  engines  and  a  few 
other  dafa. 

F.  The   Great  Western   engine   can   draw   120  tons,  at   the 
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rate  of  60  miles  an  hour ;  it  is  of  743  horse  power.     The  weights 


are, 


Tons.  cwt. 

Engine    -          -  -  -  -  -31  0 

Coke  and  Water  -  -  -  4  0 

Tender    -          -  -  -  -  9  0 

Water     -          -  -  -  -  7  3 

Coke       -          -  -  -  -  1  10 


52  13 


Cylinder  18  in.  in  diameter;  length  of  stroke  of  piston  2  ft. ; 
diameter  of  driving  wheel  8  ft. ;  going  29  miles  an  hour,  with  a 
load  of  90  tons,  it  bums  20|  lbs.  of  coke  per  mile. 


CONVEBSATION  XVIH. 

Of  the  Steam-Engine,  and  Papin*8  Digester, 

C.  We  have  seen  the  structure  of  the  steam-engine  and  its 
mode  of  operation ;  but  you  have  not  told  us  the  uses  to  which 
it  is  applied.  *»^ 

F.  The  application  of  this  power  was  at  first  devoted  to  the 
raising  of  water,  either  from  the  mines,  which  could  not  be  worked 
without  such  aid,  or  to  the  throwing  it  into  res^voirs,  for  the 
purpose  of  supplying  places  which  are  higher  than  the  natural 
level  of  the  stream. 

E,  I  am  sure,  papa,  steam  is  now  applied  to  many  more  pur- 
poses than  this.  It  would  not  be  a  very  easy  task  to  enumerate 
them  all. 

F,  It  would  not,  indeed,  my  dear  girl ;  it  would  be  a  far 
less  difficult  matter  to  tell  you  what  it  is  not  applied  to.  I  can 
scarcely  look  round  on  anything  about  me  which  is  not  more  or 
less  indebted  to  this  wondrous  power  of  elasticity  of  vapour. 
Let  us  take  the  one  example — railroad  locomotion.  A  vessel  of 
boiling  water  over  a  good  fire  flies  away  with  a  dozen  or  more 
carriages,  each  freighted  with  a  score  of  human  souls,  and  whisks 
them  from  east  to  west,  from  north  to  south,  at  the  rates  of  40, 
60,  60,  and  more  miles  per  hour.  And  the  same  power,  in  de- 
fiance of  winds  and  waves,  moves  mighty  ships  even  across  the 
pathless  and  wide  Atlantic. 

E.  The  force  of  steam  must  be  very  great ! 

F.  From  a  great  variety  of  accidents  that  have  happened 
through  careless  people,  it  appears  that  the  expansive  force  of 
steam^  suddenly  raised,  is  much  stronger  than  even  that  of  gun- 
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powder.  At  the  cannon  foundry  in  Moorfields,  some  years  ago, 
hot  metal  was  poured  into  a  mould  that  accidentally  contained  a 
small  quantity  of  water,  which  was  instantly  converted  into  steam, 
and  caused  an  explosion  that  blew  the  foundry  to  pieces.  A 
similar  accident  happened  at  a  foundry  in  Newcastle,  which 
occurred  from  a  little  water  having  insinuated  itself  into  a  hollow 
brass  ball  that  was  thrown  into  the  melting-pot. 

C,  These  facts  bring  to  my  mind  a  circumstance  I  have  often 
heard  you  relate,  as  coming  within  your  knowledge. 

F.  You  do  well  to  remind  me  of  it.  The  fact  is  worth  re- 
cording. A  nobleman,  who  was  carrying  on  a  long  series  of  ex 
periments,  wished  to  ascertain  the  strength  of  a  copper  vessel, 
and  gave  orders  to  his  workmen  for  the  purpose.  The  vessel, 
however,  burst  unexpectedly,  and,  in  the  explosion,  it  beat  dovm 
the  brick  wall  of  the  building  in  which  it  was  placed,  and  was, 
by  the  force  of  the  steam,  carried  15  or  20  yards  from  it ;  several 
of  the  bricks  were  thrown  70  yards  from  the  spot ;  a  leaden  pipe, 
suspended  from  an  adjoining  building,  was  bent  into  a  right 
angle ;  and  several  of  the  men  were  so  dreadfully  bruised  or 
scdded,  that  for  many  weeks  they  were  unable  to  stir  from  their 
beds.  A  very  intelligent  person,  one  of  the  sufferers,  who  con- 
ducted the  experiment,  assured  me  that  he  had  not  the  smallest 
recollection  how  the  accident  happened,  or  by  what  means  he 
got  to  his  bedroom  after  the  explosion. 

E,  Is  it  by  the  force  of  steam  that  bones  are  dissolved  in  Papin's 
Digester,  which  you  promised  to  describe  ?* 

F,  No ;  that  operation  is  performed  by 
the  great  heat  produced  in  the  digester. 
This  is  a  representation  of  one  ol  these 
machines.  It  is  a  strong  metal  pot,  at 
least  an  inch  thick  in  every  part ;  the  top 
is  screwed  down,  so  that  no  steam  can 
escape  but  through  the  valve  v. 

C,  What  kind  of  a  valve  is  it  ? 

F,  It  is  a  conical  piece  of  brass,  made 
to  fit  very  accurately,  but  easily  movable 
by  the  steam  of  the  water  when  it  boils ;  consequently  in  its 
simple  state,  the  heat  of  the  water  will  never  be  much  greater 
than  that  of  boiling  water  in  an  open  vessel.  A  steelyard 
is  therefore  fitted  to  it,  and,  by  moving  the  weight  w,  back- 
wards or  forwards,  the  steam  will  have  a  lesser  or  grater 
pressure  to  overcome.  And,  as  it  is  the  pressure  of  the  atmo- 
sphere that  causes  the  heat  of  boiling  water  to  be  greater  in  an 
open  vessel  than  in  one  from  which  the  air  is  exhausted,  by 

*  See  Mechanics,  Conversation  in. 


Fig.  30. 
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confimng  the  steam,  the  pressure  may  be  increased  to  any  given 
degree.  If,  for  instance,  a  force  equal  to  14  or  15  pounds  be  put 
on  the  valve,  the  pressure  upon  the  water  will  be  double  that  pro- 
duced by  the  atmosphere,  and  of  course  the  heat  of  the  water  will 
be  greatly  increased. 

C,  Is  there  no  danger  to  be  apprehended  from  the  bursting  of 
the  vessel  ? 

F,  If  care  be  taken  so  as  not  to  load  this  valve  too  much,  the 
danger  is  not  very  great  ?  But  in  experiments  made  to  ascertain 
the  strength  of  any  particular  vessel,  the  utmost  precaution  must 
be  taken. 

Under  the  direction  of  Mr.  Papin,  the  original  inventor,  the 
bottom  of  a  digester  was  torn  off  with  a  wonderful  explosion ; 
the  blast  of  the  expanded  water  blew  all  the  coals  out  of  the  fire- 
place, the  remainder  of  the  vessel  was  hurled  across  the  room, 
and  striking  the  leaf  of  an  oaken  table  an  inch  thick,  broke  it  in 
pieces.  Not  the  least  sign  of  water  could  be  discerned,  and  every 
coal  was  extinguished  in  a  moment. 

E,  You  have  told  .us  that  water,  and  of  course  the  steam 
with  it,  when  under  a  high  pressure,  is  hotter  than  ordinary 
boiling  water ;  now,  how  can  this  be  ?  for  Mary  scalded  her 
arm  dreadfully  by  carelessly  allowing  the  steam  of  the  kettle  to 
touch  it,  and  yet  I  saw  the  assistant  at  the  Polytechnic  put  his 
hand  into  the  jet  issuing  from  the  powerful  steam  boiler.  He 
said,  it  was  cod  rather  than  vjarm ;  I  must  say,  I  hardly  believed 
him. 

F,  He  spoke  the  truth,  nevertheless;  for  the  first  thing  the 
steam  does,  on  getting  out  of  the  orifice,  is  to  expand.  Now  you 
remember  my  having  proved  to  you  that  when  bodies  expand 
they  take  in,  or  render  the  heat  insensible ;  this  is  the  case  with 
high-pressure  steam.  Moreover,  every  jet  of  high-pressure  steam 
escaping  from  a  boiler  has  the  property  of  drawing  in  from  all 
sides  (in  the  direction  of  the  current)  streams  of  atmospheric  air, 
and  these  uniting  with  the  expanding  steam,  cool  it  down  so  much 
that  the  hand  may  be  held  in  the  jet  with  perfect  impunity. 


CONVERSATION  XIX. 

0/  the  Barometer, 

F.  I  shall  proceed  with  an  account  of  the  barometer,  which, 
with  the  thermometer,  is  to  be  found  in  almost  every  house.  1 
will  show  you  the  principle  of  the  barometer,  without  regard  to 
the  frame  that  supports  it 
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Fig.  31. 


A  B  is  a  glass  tube,  about  33  or  34  inches  long,  closed  at 
top  ;  D  is  a  cup  or  small  cistern,  partly  filled  with  quick- 
silver. I  fill  the  tube  with  the  quicksilver,  and  then 
put  my  finger  upon  the  mouth,  so  as  to  prevent  any 
of  it  from  running  out ;  I  now  invert  the  tube,  and 
plunge  it  in  the  cup  d.  You  see  the  mercury  sub- 
sides three  or  four  inches ;  this  tube,  if  fixed  to  a 
graduated  frame,  will  give  you  an  idea  of  a  baro- 
meter ;  and  you  know  it  is  consulted  by  those  who 
study  and  attend  to  the  changes  of  the  weather. 

E,  Why  does  not  all  the  quicksilver  run  out  of  the 
tube? 

F,  Mercury,  as  you  will  fiiid  by  referring  back  to  the 
list  of  specific  gravities,  is  13*596  times  heavier  than 
water  at  the  temperature  of  32°.  You  have  also  been  told,  when 
we  talked  of  pumps,  that  the  pressure  of  the  atmosphere  would 
balance  a  column  of  about  34  feet  of  water, — accurately  speaking 
it  is  33*464  feet.  It  ought,  therefore,  on  the  same  principle  to 
balance  33*464  feet,  or  401*568  inches,  of  mercury,  divided  by 
13*696. 

E.  The  quotient  is, — let  me  see, — 29*63  inches. 

F,  By  this  method  Torricelli  was  led  to  construct  the  barometer. 
He  suspected  that  the  pressure  of  the  atmosphere  was  the  cause 

of  the  ascent  of  water  in  the  vacuum  made  in  pumps,  and  that  a 
column  of  water,  between  33  and  34  feet  high,  was  a  counterpoise 
to  a  column  of  air  which  extended  to  the  top  of  the  atmosphere. 
And  if  so,  that  a  column  of  mercury  shorter  than  34  feet,  in  pro- 
portion as  mercury  is  heavier  than  water,  would  likewise  sustain 
the  pressure  of  the  atmosphere ;  he  obtained  a  glass  tube  for  the 
purpose,  and  found -his  reasoning  just. 

C,  Did  he  apply  it  to  the  purpose  of  a  weather-glass  ? 

F,  No ;  it  was  not  till  some  time  after  this  that  the  pressure 
of  the  air  was  known  to  vary  at  different  times  in  the  same  place. 
As  soon  as  that  was  discovered,  the  application  of  the  Torricellian 
tube  to  the  examination  of  the  changes  of  the  weather  imme- 
diately succeeded. 

C,  A  barometer,  then,  is  an  instrument  used  for  measuring  the 
weight  or  pressure  of  the  atmosphere. 

F.  That  is  the  principle  use  of  the  barometer ;  if  the  air  be 
dense,  the  mercury  rises  in  the  tube,  and  indicates  fair  weather ; 
if  it  become  light,  the  mercury  falls,  and  presages  rain,  snow, 
&c.* 

The  height  of  the  mercury  in  the  tube,  in  thi»  country,  fluc- 
tuates between  28  and  31  inches. 

*  See  the  roles  at  page  283. 


276  PNEUMATICS. 

E,  Is  the  fluctuation  of  the  mercury  different  in  diflerent  parts 
of  the  world  ? 

F,  There  are  diurnal  variations  in  the  barometer,  which  depend 

on  the  geographical  position  of  the  place  :  the  mercury  falls  at 

certain  hours,  and  rises  at  other  certain  hours.     Near  the  equator, 

the  diflerences  between  the  maximum  and  minimum  are  great, 

in  high  latitudes  less. 

Great  Ocean,  Petersburg, 

Lat.  QP  C.  Lat.  59P  66^  . 

Maximum  (10  p.  m.)     „     29587  inches.  29*842. 

Minimum   (4  a.m.)     „     29-626.  29*841. 

Difference  '061.  'OOl. 

There  are  two  maxima  and  minima  per  day  ;  and  the  times  of 
these  vary  with  the  seasons  ;  being  nearer  to  noon  in  winter  than 
in  summer. 

There  are  variations  depending  on  the  seasons ;  and  they  are 

less  at  the  equator,  and  greater  in  high  latitudes,  as  the  following 

illustration  will  show : — 

Batayia.  Petersburg. 

Lat.  6°  12'  S.  Lat  59o  ee/^N. 

Winter  (mean  range)     „     0*110  inches.  1*451  inches. 

Summer     „         ,.         „     0*106.  0*784. 


Difference  0*004.  0*667. 

C.  I  see  by  these  examples  that,  during  a  day  in  high  latitudes, 
the  variations  in  the  height  of  the  mercury  are  not  great,  but 
during  a  year  they  are  great ;  and  the  reverse  is  the  case  in  low 
latitudes. 

F.  It  is  so ;  but  these  periodic  variations  are  often  lost  in  the 
accidental  variations,  as  they  are  termed,  which  arise  from  the 
weather,  properly  so  called  ;  and  are  due  to  rain,  wind,  storms, 
&c. ;  and  which  are  very  marked  in  high  latitudes. 

F,  How  high  and  how  low  has  the  barometer  been  noted  in 
England  ? 

F,  The  highest  to  which  I  can  refer  was  30*89  inches  at 
Greenwich,  in  1825,  and  the  lowest  in  1821,  at  the  same  place, 
27*99  inches;  the  difference  is  2*9  inches.  The  mean  annual 
height  at  Greenwich  is  29*87  inches,  and  the  mean  annual  range 
1*92  inches. 

At  Paris,  the  greatest  height  has  been  30*7  inches,  and  the 
least  28*2  inches ;  the  difference  being  2*5  inches.  The  mean 
height  then  is  29*77  inches. 

O,  The  scale  of  variation  is  the  silvered  plate,  which  is  divided 
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into  inches  and  tenths  of  an  inch :  but  what  do  you  call  the  move- 
able index  ? 

F,  It  is  called  a  vernier^  from  the  inventor's  name,  and  the  use 
of  it  is  to  show  the  fluctuation  of  the  mercury  to  the  hundredth 
part  of  an  inch.  The  scale  of  inches  is  placed  on  the  right  side  of 
the  barometer  tube,  the  beginning  of  the  scale  being  the  surface  of 
the  mercury  in  the  basin  :  the  vernier  plate  and  index  are  movable, 
so  that  the  index  may,  at  any  time,  be  set  to  the  upper  surface  of 
the  column  of  mercury. 

E,  I  have  often  seen  you  move  the  index ;  but  I  am  still  at  a 
loss  to  conceive  how  you  divide  the  inch  into  hundredth  parts 
by  it. 

F,  The  barometer  plate  is  divided  into  tenths ;  the  length  of 
the  vernier  is  eleven-tenths,  but  divided  into  ten  equal  parts. 

(7.  Then  each  of  the  ten  parts  is  equal  to  a  tenth  of  an  inch, 
and  a  tentii  part  of  a  tenth. 

F,  True :  but  the  tenth  part  of  a  tenth  is  equal  to  a  hundredth 
part,  for  you  remember,  that  to  divide  a  fraction  by  any  number 
is  to  multiply  the  denominator  of  the  fraction  by  the  number,  thus 
^  divided  by  10  =  ^, 

Suppose  the  index  of  the  vernier  to  coincide  exactly  with  one  of 
the  divisions  of  the  scale  of  variation,  as  29*3. 

E.  Then  there  is  no  difficulty ;  the  height  of  the  barometer  is 
said  to  be  29  inches  and  3  tenths. 

F,  Perhaps,  in  the  course  of  a  few  hours,  you  observe  that  the 
mercury  has  risen  a  very  little ;  what  will  you  do  ? 

E,  I  will  raise  the  vernier  even  with  the  mercury. 

F,  And  you  find  the  index  so  much  higher  than  the  division  3 
on  the  scale  as  to  bring  the  figure  1  on  the  vernier  even  with  the 
second  tenth  on  the  scale. 

E.  Then  the  whole  height  is  29  inches  3  tenths,  and  one  of  the 
divisions  on  the  vernier ;  which  is  equal  to  a  tenth  and  a  hun- 
dredth ;  that  is,  the  height  of  the  mercury  is  29  inches,  3  tenths, 
and  1  hundredth,  or  29*31. 

F,  If  figure  2  on  the  vernier  stand  even 
with  a  division  on  the  scale,  how  should  you 
call  the  height  of  the  mercury  ? 

E,  Besides  the  number  of  tenths,  I  must 
add  2  hundredths,  because  each  division  of 
the  vernier  contains  a  tenth  and  a  hun- 
dredth :  therefore  I  say  the  barometer  stands 
at  29*32 :  that  is,  29  inches,  3  tenths,  and  2 
hundredths. 

F,  Here  is  a  representation  a  c  of  the 
upper  part  of  a  barometer  tube ;  the  upper 
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surface  of  the  quid^ilver  stands  between  a  and  c :  from  z  to  x 
is  part  of  the  scale  of  variation :  1  to  10  is  the  vernier,  equal  to 
^tns  of  an  inch,  but  divided  into  10  equal  parts.  In  the  pre- 
sent position  of  the  mercury,  the  figure  4  on  the  vernier  coin- 
cides exactly  with  a  line  on  the  scale :  and  finding  'the  index 
stand  between  the  6th  and  7th  divisions  on  the  scale,  I  therefore 
read  the  height  29*64 :  that  is,  29  inches,  6  tenths,  and  4  hun- 
dredths. 

O,  If  the  mercury  falls  in  the  barometer,  it  must  alter  thc» 
level  of  the  mercury  in  the  reservoir  below,  and  confuse  the 
measuring. 

F.  It  does;  and  to  obviate  this,  the  cistern  below  has  an  ad- 
justing screw,  in  good  barometers,  by  which  the  true  level  can 
be  restored  at  each  observation.  In  instruments  of  the  best  con- 
struction, such  as  are  used  under  Mr.  Glaisher's  auspices  for 
standard  observations,  the  cistern  is  made  of  glass  with  a  leathern 
bottom ;  in  the  cistern,  and  visible  to  the  eye  is  an  ivory  point, 
directed  downward  toward  the  mercury :  this  point  is  the  zero  or 
spot  from  which  the  scale,  which  is  on  a  brass  tube,  extending 
from  end  to  end,  was  measured  in  the  construction  of  the  ban)- 
meter :  and  by  a  screw,  the  leathern  bottom  is  raised  or  lowered 
until  the  point  just  touches  the  mercury ;  and  this  is  easily  seen, 
for  its  shadow  in  the  mercury  at  once  tells  when  it  is  accurately 
there.  Barometers  not  thus  provided  must  be  corrected  for  capa- 
city, which  is  never  to  be  relied  on. 

C.  I  suppose  that  with  such  an  instrument  the  readings  are 
absolutely  true. 

F.  Indeed  they  are  not  For  you  are  aware  that  mercury 
varies  in  bulk,  according  to  the  temperature  ;  and  that  therefore, 
what  would  be  30  inches  on  a  cold  day  would  be  a  little  more 
than  30  inches  on  a  hot  day :  for  instance^  a  variation  in  tempera- 
ture from  40°  to  60°  produces  an  expansion  in  the  mercury  at  30 
inches,  equal  to  a  rise  of  *054  of  an  inch.  On  this  account  it  has 
been  determined  to  reduce  all  observations  to  the  temperature  of 
32°,  or  the  freezing  point  of  water. 

C.  And  how  is  this  done  ? 

F,  Extensive  tables  have  been  calculerted,  which  are  applicable  to 
barometers,  with  brass  scales  extending  from  the  cistern  to  the  top 
of  the  mercurial  column,  which  is  the  construction  of  the  proper 
one  I  have  just  described.  You  will  find  them  in  **The  Report 
of  the  Committee  of  Physics,  including  Meteorology,"  approved 
by  the  President  and  Council  of  the  Royal  Society,  and  published 
in  1840. 

You  will  find  these  corrections  for  all  temperatures  from  0°  to 
100°;  and  for  all  heights  from  20  inches  to  31  inches. 
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C.  Why  did  you  mention  brass  scales  ? 

F,  Because  the  expansion  of  the  brass  can  be  as  accurately 
calculated  as  that  of  mercury.  So  that  the  measuring  rod,  so  to 
speak,  being  of  one  metal,  and  the  thing  to  be  measured  being 
another  metal,  the  tables  can  be  made  most  accurate. 

(7.  I  have  opened  the  "  Report "  at  p.  84 ;  will  you  tell  me  how 
to  use  the  table  ? 

F.  Suppose  the  barometer  shows  30°  while  the  temperature  is 
GO'^ ;  facing  these  figures  you  find  '085,  and  on  the  top  of  the 
column  is  the  sign  ( — )  or  minus,  which  shows  that,  in  order  to 
correct  the  barometer  for  temperature,  or  reduce  it  to  what  would 
have  been  its  height  had  the  temperature  been  ^2°,  you  subtract 
those  figures  from  the  observed  height : 

Observed  height  -  -  -    30^ 

Correction  for  temperature  -  -        '086 

Corrected  height   -  -  -  -    29*916 

The  following  is  a  list  of  corrections  to  be  made  for  observa- 
tions of  30"  at  various  temperatures : — 


Temp.  6V  -060 

62  -063 

63  -066 

64  -068 
66  -071 

66  074 

67  -076 

68  -079 

69  -082 
60  -085 


Temp.  61"  '087 

62  -090 

63  -093 

64  -096 

65  -098 

66  -101 

67  -103 

68  -106 

69  -109 

70  111 


And,  of  course,  they  are  all  to  be  subtracted,  as  the  mercury 
would  be  more  contracted  at  32°  than  at  any  of  those  higher  tem- 
peratures. 

G.  Then  it  is  necessary  to  have  a  thermometer  near  the  baro- 
meter, to  read  both  before  you  can  arrive  at  the  truth  ? 

F,  You  will  not  reach  the  truth  then ;  for  there  is  another  cor- 
rection .to  make  for  the  capillary  action  between  the  glass  and  the 
mercury ;  the  effect  of  which  is,  to  depress  the  mercury  in  the 
tube  below  its  true  level,  by  a  certain  quantity  inversely  propor- 
tional to  the  diameter  of  the  tube.  Tables,  therefore,  have  been 
constructed  to  correspond  with  the  various  sizes  of  barometer 
tubes.  These  tubes  should  never  be  less  than  one-fifth  or  *20  of 
an  inch  in  diameter.     The  following  is  a  table  oC  cfitxt^OAsso&^^st 


i 
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tubes  from  one-fifth  to  three-fifths  of  an  mch ;  and  which  are  in 
all  eases  to  be  added : — 


Diameter  of  Tube. 


•20  inches 

•25 

•30 

•35 

•40 

•45 

•50 

•60 

Correction  for 


Boiled  Mercury. 


•029 
•020 
•014 
•010 
•007 
•005 
•003 
•002 


Unboiled. 


'060 
040 
•028 
020 
014 
010 
007 
004 


C,  Then,  supposing  the  tube  of  the  barometer  were  "40  or  two- 
fifths  of  an  inch,  the  observation  that  we  have  just  now  corrected 
for  temperature,  requires  '007  to  be  deducted ;  thus : — 

Height  corrected  for  temperature    -  -    29°*916 

Correction  for  capillarity    -  -  -  -007 


True  height  - 


-     29*908 


F,  Mr.  Glaisher  prefers,  very  justly,  tables  that  give  in  one 
correction  the  total  correction  for  botfi  temperature  and  capil- 
larity, and  these,  of  course,  are  easily  prepared  from  the  above 
tables.  I  have  given  you  the  corrections  for  unboiled  mercury, 
in  order  to  show  you  the  great  efiect  produced  by  the  omission  of 
boiling;  but  no  scientific  instrument  should  be  thus  made.  In 
addition  to  all  these  precautions,  the  tube  must  be  accurately  ver- 
tical ;  and  the  readings  are  to  be  made  with  the  eye,  and  the  back 
and  fore  part  of  the  index,  and  the  top  of  the  mercury  column  all 
on  the  same  level. 

0,  How  much  I  thank  you  for  these  instructions  !  I  had  not 
the  least  idea  that  an  observation  of  the  barometer  was  so  im- 
portant an  afiair. 
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Of  the  Barometer^  and  its  application  to  the  measuring  of 

Altitudes, 

C,  Is  the  height  of  the  atmosphere  known  ? 

F.  If  the  fluid  air  were  similar  to  water,  that  is,  everywhere 
of  the  same  density,  nothing  would  be  easier  than  to  calculate  its 
height.  When  the  barometer  stands  at  30  inches,  and  the  ther- 
mometer at  32^,  the  specific  gravity  of  air  is  773*28  times  less 
than  that  of  water  ;*  but  mercury  is  about  13*6  times  heavier 
than  water,  consequently  the  specific  gravity  of  mercury  is  to  that 
of  air  as  773*28  multiplied  by  13*6  is  to  1  ;  or  mercury  is  11,200 
times  heavier  than  air.  In  the  case  before  us,  a  column  of  mer- 
cury, 30  inches  long,  balances  the  whole  weight  of  the  atmo- 
sphere ;  therefore,  if  the  air  were  equally  dense  at  all  heights  to 
the  top,  its  height  must  be  10616*6  times  30  inches ;  that  is,  the 
column  of  air  must  be  as  many  times  longer  than  that  of  the  mer- 
cury as  the  ibrmer  is  lighter  than  the  latter.  Do  you  understand 
me? 

a,  I  think  I  do;  10516*6  multiplied  by  30  gives  315,498 
inches,  which  are  equal  to  5  miles  nearly. 

F.  That  would  be  the  height  of  the  atmosphere  if  it  were 
equally  dense  in  all  parts ;  but  it  is  found  that  the  air,  by  its 
elastic  quality,  expands  and  contracts,  and  that  at  3i  miles  above 
the  surface  of  the  earth,  it  is  twice  as  rare  as  it  is  at  its  surface  ; 
that  at  7  miles  it  is  4  times  rarer ;  at  lOi  miles  it  is  8  times  rarer  ; 
at  14  miles  it  is  16  times  rarer ;  and  so  on,  according  to  the  fol- 
lowing : — 

TABLE. 


3i 

7 

At  the 
altitude  of 

10 
14 
17i 

21 

24i 
28    J 

miles  above  the 

surface  of  the 

earth,  the  air  is 


2 
4 
8 

16 

32 

64 

128 

266  J 


times  lighter 
than  at  the 
earth's  surface. 


Now,  if  you  were  disposed  to  carry  on  the  addition  on  one  side, 
and  the  multiplication  on  the  other,  you  would  find  that,  at  500 
miles  above  the  surface  of  the  earth,  a  single  cubical  inch  of  such 
air  as  we  breathe  would  be  so  much  rarefied  as  to  fill  a  hollow 
sphere  equal  in  diameter  to  the  vast  orbit  of  the  planet  Saturn, 


*  See  Ckmvenstion  YL 
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E,  Is  it  inferred  from  this  that  the  atmosphere  does  not  reach 
to  any  very  great  height  ? 

F,  Certainly;  for  you  have  seen  that  a  quart  of  air  at  the 
earth's  surface  weighs  but  about  14  or  15  grains;  and  by  carry- 
ing on  the  above  table  a  few  steps,  you  would  perceive  that 
the  same  quantity,  only  49  miles  high,  would  weigh  less  than 
the  16  thousandth  part  of  14  grains;  consequently  at  that 
height  its  density  must  be  next  to  nothing.  From  experiment 
and  calculation  it  is  generally  admitted,  that  the  atmosphere  at 
the  height  of  more  than  46  or  60  miles  above  the  earth's  surface 
is  not  sufficiently  dense  to  refract  the  rays  of  light ;  and  that,  in 
popular  language,  is  usually  denominated  the  height  of  the  atmo- 
spnere. 

C  By  comparing  the  state  of  the  atmosphere  at  the  bottom  and  at 
the  top  of  a  mountain,  should  you  perceive  a  sensible  difference? 

jP.  We  must  not  trust  to  our  feelings  on  such  occasions.  The 
barometer  will  be  a  sure  guide.  I  will  not  trouble  you  with  calcu- 
lations, but  mention  two  or  three  facts,  with  the  conclusions  to  be 
drawn  from  them.  In  ascending  the  Puy-de-Dome,  a  very  high 
mountain  in  France,  the  quicksilver  fell  3^  inches ;  and  the  height 
of  the  mountain  was  found,  by  measurement,  to  be  3204  feet.  By 
a  similar  experiment  uponSnowdon,  in  Wales,  the  quicksilver  was 
found  to  have  fallen  3^  inches  at  the  height  of  3720  feet  above  the 
surface  of  the  earth. 

From  these  and  many  other  observations,  we  may  say  roughly 
that  in  ascending  any  lofty  eminence,  the  mercury  in  the  baro- 
meter will  fall  y5j  o^  ail  "^ch  for  every  100  feet  of  perpendicular 
ascent.  This  number  is  not  rigidly  exact ;  and  it  varies  with  the 
actual  height  of  the  barometer,  and  with  that  of  the  thermometer ; 
but  for  common  purposes  it  will  serve,  as  it  can  be  easily  remem- 
bered. The  three  following  observations  were  taken  by  Dr. 
Nettleton  near  the  town  of  Halifax : — 

Perpendicalar  Altitude    Lowest  Station  of     Highest  Station  of   r^rp^^^^ 
in  Feet.  the  Barometer.         the  Barometer.        i^merence. 

102  2978  29-66  0*12 

236  29*50  2932  027 

507  3000  29-45  0-55 

E,  What  is  the  accurate  rule  for  measuring  elevations  by  the 
barometer  ? 

jP.  You  require  a  set  of  tables  showing  the  number  of  feet  of 
atmosphere  that  counterpoise  an  inch  of  mercury  for  various  tem- 
peratures, and  when  the  barometer  is  at  30  inches.  For  instance, 
at  32^  temperature  an  inch  of  mercury  counterpoises  a  column  of 
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atmosphere  of  868^  ft.  in  length ;  at  46°  a  column  of  898*1  ft» ;  at 
60°,  a  column  of  927*7  ft. 

The  rule  is ;  as  the  mean  of  the  two  barometers  is  to  their 
difference,  so  is  30  inches,  multiplied  by  the  figure  in  the  table, 
opposite  to  the  mean  of  the  two  thermometers  to  the  height  re- 
quired. 

C,  If,  at  the  foot  of  a  mountain,  the  barometer  is  30  inches  and 

the  thermometer  60° ;  and  on  the  top,  the  barometer  is  28^  inches 

and  the  thermometer  32° ;  how  am  I  to  find  the  height  of  the 

mountain  ? 

80+28*5 
F,  The  mean  of  the  barometer  is ^ ==  29*75  in. 

60+32 
The  mean  of  the  thermometer  is  — s —  =46°. 

The  difference  of  the  barometer  is  30  -  28*5  =  1*5  in. 
Opposite  to  46°  in  the  table  is  898*1  in.    Now  say, 

As  29*75  :  1*5  ::  30x898*1  :  1358  ft. 

E,  Then  the  height  of  such  a  mountain  is  1358  ft.  And  my 
rough  calculation  of  100  ft.  for  each  tenth  of  an  inch  of  mercury 
would  have  thrown  me  much  out  from  the  truth  ;  for  I  see  that 
the  temperature  of  the  two  places  of  observation  must  be  taken  into 
account. 

F.  And  you  must  understand  that  the  barometric  observations 
used  must  be  first  corrected. 

Let  me  now  ask  you,  are  you  aware  how  great  a  pressure  you 
are  continually  sustaining  ? 

E,  No ;  it  never  occurred  to  me  to  speculate  upon  that.  I  feel 
no  burden  from  it,  therefore  it  cannot  be  very  great. 

F,  You  sustain  every  moment  a  weight  equal  to  many  tons, 
wldch,  if  it  were  not  balanced  by  the  elastic  force  of  the  air  within 
the  body,  would  crush  you  to  pieces. 

C.  We  might  indeed  have  inferred  that  it  was  considerable  fit)m 
the  sensations  that  we  felt  when  the  air  was  taken  from  under  our 
hands.     But  how,  sir,  do  you  make  out  the  assertion  ? 

F,  When  the  barometer  stands  at  29-*5  the  pressure  of  the  air 
upon  every  square  inch  is  more  than  equal  to  14  pounds — call 
it  14  pounds  for  the  sake  of  even  numbers — and  the  surface  of  a 
middle-sized  man  is  14^  feet ;  tell  me  now  the  weight  he  sustains. 

C  I  must  multiply  14  by  the  number  of  square  inches  in  14^ 
feet.  Now  there  are  144  inches  in  a  square  foot ;  consequently  in 
14}  feet  thare  are  2088  square  inches ;  therefore  14  pounds  multi- 
plied by  2088  will  give  29,232,  the  number  of  pounds  weight 
pressing  upon  such  a  person. 
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F,  That  is  equal  to  about  13  tons;  now,  if  Emma  reckons 
herself  half  only  the  size  of  a  grown  person,  the  pressure  upon 
her  will  be  equal  to  6^  tons. 

E,  What  must  the  pressure  upon  the  whole  earth  be  ? 

F,  This  you  may  odculate  at  your  leisure ;  I  will  furnish  you 
with  the  rule ; 

"  Find  the  diameter  of  the  earth,*  from  which  you  will  easily 
get  the  superficial  measure  in  square  inches,  and  this  you  must 
multiply  by  14,  and  you  may  get  the  answer  in  pounds  avoir^ 
dupois." 

The  earth's  surface  contains  about  200,000,000  square  miles, 
and  as  every  square  mile  contains  27,876,400  square  feet,  there 
must  be  6,676,280,000,000,000  square  feet  in  the  earth's  surface, 
which  number  multiplied  by  the  pressure  on  each  square  foot  ^ves 
the  whole  weight  of  the  atmosphere. 

C,  This  is  truly  enormous  ! 

F,  But  the  pressure  being  equal  in  all  possible  directions,  it  has 
no  effect  in  disturbing  cither  the  annual  or  diurnal  motion  of  the 
earth. 

G,  What  is  the  cause  of  the  constant  change  in  the  height  of 
the  barometer  ? 

F,  The  fundamental  cause  is  heat;  indeed  so  much  so,  that 
Professor  Kaemtz  compared  the  barometer  to  a  differential  ther- 
mometer. 

C,  I  remember  this  is  a  glass  tube  bent  somewhat  like  the  letter 
U  standing  erect,  and  with  a  bulb  at  each  end ;  and  according  as 
one  or  other  bulb  is  made  warmer  the  air  in  it  expands,  and  the 
liquid  drop  moves :  but  I  cannot  conceive  the  analogy  between  it 
and  the  barometer. 

F,  You  have  seen  that,  when  heat  expands  air,  it  rises,  and  the 
denser  air  rushes  into  its  place ;  now  suppose  the  barometer  in 
London  were  at  30  inches,  and  London  suddenly  became  very  cold, 
what  would  happen  ? 

C,  The  air  would  condense  and  occupy  less  space,  and  the 
warmer  air  from  the  neighbourhood  would  flow  in  to  fill  up  the 
blank. 

F,  Well ;  and  so  the  column  of  air  over  London  would  increase 
in  quantity,  and  therefore  in  weight,  and  the  barometer  would 
rise.  But  when  you  say  warmer  air  would  flow  in,  this  implies 
that  it  is  warmer  at  that  moment  elsewhere  than  at  London.  So 
that  when  the  barometer  rises,  it  proves  a  difference  of  tempera- 
ture between  two  places  ;  although  the  second  place  be  at  a  great 
distance. 

E,  Why,  papa,  the  barometer  differs  from  every  other  instni- 
*  See  Astronomy,  CoxLversation  VIL  note,  p.  84k 
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ment ;  for,  as  far  as  I  know,  they  tell  you  only  what  goes  on  where 
they  are. 

C.  And  I  can  see,  too,  that  our  barometer  would  soon  tell  us 
if  any  neighbouring  country  became  colder ;  for  some  of  our  air 
would  flow  away ;  we  should  have  less  over  us,  and  our  barometer 
would  fall. 

F,  Yes ;  and,  as  a  general  rule,  when  the  thermometer  goes  up, 
the  barometer  goes  down. 

E,  But  how  are  we  to  reconcile  this,  papa,  with  the  fact  that  a 
fall  in  the  barometer  is  a  general  sign  of  rain  ?  I  can  imagine  it 
to  be  a  sign  of  wind. 

F.  We  cannot,  dear  girl,  enter  into  this  complex  subject  now, 
but  I  can  tell  you  enough  to  give  you  a  tolerably  clear  idea  of 
the  subject.  You  remember  my  explanation  of  the  fact  of  your 
seeing  your  breath  in  cold  weather ;  now,  if  a  cold  mass  of  air 
is  just  full  of,  or,  as  it  is  termed,  saturated  with,  moisture,  it  will 
not  quite  cause  rain ;  so  also  if  a  hot  mass  is  similarly  circum- 
stanced, it  will  hold  a  greater  quantity  in  proportion  of  moisture 
but  not  cause  rain ;  if  however,  the  two  are  mixed,  the  resultant 
temperature  will  not  hold  in  solution  the  resultant  moisture,  and 
rain  falls. 

E,  Then  this  is  why  it  almost  always  rains  when  a  cold  wind 
follows  warm  fine  weather  ? 

F.  Yes ;  and  when  the  wind  has  prevailed  for  a  time,  all  the  rain 
falls,  and  the  weather  becomes  fine.  Did  you  ever  notice  in  fine 
summer  weather  that  the  morning  may  be  clear  ;  during  the  day 
floating  clouds  appear,  and  toward  sunset  they  depart  ? 

E,  Oh,  yes,  papa ;  and  are  not  blown  away,  they  dissolve 
away. 

F,  Yes,  this  is  actually  the  case :  for  the  heat  of  the  sun  causes 
the  moisture  of  the  earth  to  rise ;  but  when  it  reaches  the  cold 
upper  regions,  it  is  condensed  into  clouds ;  as  tlie  heat  decreases 
these  clouds  become  more  condensed  and  heavy,  and  they  descend. 
But  on  reaching  the  warmer  lower  regions,  which  are  not  nearly 
full  of  moisture,  they  dissolve  and  disappear. 

C,  What  is  the  principle  of  the  aneroid  barometer?  I  have 
seen  you  read  it,  and  have  noticed  that  the  hand  points  almost 
as  correctly  as  the  mercury  does;  and  yet  there  is  no  visible 
agency. 

F,  It  acts,  however,  by  the  weight  or  pressure  of  the  air,  the 
same  as  the  other ;  and  could  it  be  made  in  practice  as  perfect  as  it 
is  in  principle,  it  would  be  equally  truthful  lor  every  case.  It  con- 
sists of  an  air-tight  box  4  or  5  inches  in  diameter :  it  is  partially 
exhausted  of  air,  so  as  to  be  an  imperfect  vacuum,  and  is  then 
hermetically  sealed.    Its  front  cover  is  a  thin  sheet  of  cort>\%^&Xj^ 
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or  {s^rooved  metal,  which  gives  way  under  the  pressure  of  the  air ; 
and  is  more  or  less  acted  on  according  as  the  pressure  varies. 
These  changes  are  too  minute  to  be  visible  to  the  eye  ;  but,  by  a 
system  of  levers,  this  minute  motion  acts  on  a  short  arm  of  a  lever, 
producing  more  motion  of  the  longer  arm,  which  is  multiplied  by 
connection  with  another  lever,  and  is  finally  transferred  to  a  hand 
that  traverses  a  dial  graduated  to  correspond  to  the  barometer- 
scale. 


CONVERSATION  XXI. 

Of  the  Thermometer, 

F,  As  the  barometer  is  intended  to  measure  the  different  degrees 
of  density  of  the  atmosphere,  so  the  thermometer  is  designed 
to  mark  the  changes  in  its  temperature,  with  regard  to  heat  and 
cold. 

F.  Is  there  any  difference  between  the  thermometer  that  is  at- 
tached to  the  barometer  and  that  which  hangs  out  of  doors  ? 

F,  No ;  but,  for  the  purposes  of  accurate  observation,  it  is  usual 
to  have  two  instruments,  one  attached  to,  or  near  the  barometer, 
and  the  other  out  of  doors,  to  which  neither  the  direct  nor  reflected 
rays  of  the  sun  should  ever. come. 

(7.  Does  not  this  thermometer  consist  of  mercury  inclosed  in  a 
glass  tube  which  is  fixed  to  a  graduated  frame  ? 

F,  That  is  the  construction  of  Fahrenheit's  thermometer :  but 
when  these  instruments  were  first  invented,  about  200  years 
ago,  air,  water,  spirits  of  wine,  and  then  oil,  were  made  use  of ; 
but  these  have  given  way  to  quicksilver,  which  is  considered  as 
the  best  of  all  the  fluids,  being  highly  susceptible  of  expansion 
and  contraction,  and  capable  of  exhibiting  a  more  extensive 
scale  of  heat.  Fahrenheit's  thermometer  is  chiefly  used  in  Great 
Britain,  and  Reaumur's  and  the  Centigrade  thermometer  on  the 
Continent. 

F,  Is  not  this  the  principle  of  the  thermometer,  that  the  quick- 
silver expands  by  heat  and  contracts  by  cold  ? 

F.  It  is  :  place  your  thumb  on  the  bulb  of  the  thermometer. 

F.  The  quicksilver  gradually  rises. 

F,  And  it  will  continue  to  rise  till  the  mercury  and  your  thumb 
are  of  equal  heat.  Now  you  have  taken  away  your  hand,  you 
perceive  the  mercury  is  falling  nearly  as  fast  as  it  rose. 

C,  Will  it  come  down  to  the  pomt  at  which  it  stood  before 
Emma  touched  it  ? 
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F,  It  will,  unless  in  this  short  space  of  time  there  has  been 
any  change  in  the  surrounding  air.  Thus  the  thermometer  in- 
dicates the  temperature  of  the  air,  or,  in  fact,  of  any  body  with 
which  it  is  in  contact.  Just  now  it  was  in  contact  with  your 
thumb,  and  it  rose  in  the  space  of  a  minute  or  two  from  56^  to 
62° ;  had  you  held  it  longer  on  the  thermometer  the  mercury  would 
hare  risen  still  higher.  It  is  now  falling.  Plunge  it  into  boiling 
water,*  and  you  will  find  that  the  mercury  rises  to  212°.  After- 
wards you  may,  when  it  is  cool,  place  it  in  ice,  in  its  melting  state, 
and  it  will  fall  to  32^. 

E.  Why  are  these  particular  numbers  pitched  on  ? 

F,  You  will  not  perhaps  be  satisfied  if  I  tell  you,  that  the  only 
reason  why  212  was  fixed  on  to  mark  the  heat  of  boiling  water, 
and  32  that  to  show  the  freezing  point,  was,  because  it  so  pleased 
M.  Fahrenheit :  this,  however  was  the  case. 

(7.  Will  you  explain  the  construction  of  the  thermometer? 

J^.  A  B  represents  a  glass  tube,  the  end  A  is  blown  into  a  bulb, 
and  this,  with  a  part  of  the  tube,  is  filled  with  mercury.  Li 
good  thermometers  the  upper  part  of  the  tube  approaches  to  a 
perfect  vacuum,  and  of  course  the  end  b  is  hermetically  sealed. 
If  the  tube  be  now  placed  in  pounded  ice,  the  mercury  will  sink 
to  a  certain  point,  a;,  which  must  be  marked  oi»the  tube, 
and  on  the  scale  opposite  to  this  point  32  must  be  placed, 
which  is  called  the  freezing  point.  Then  let  it  be  im- 
mersed in  boiling  water,  the  mercury  will  rise,  and  after 
a  few  minutes  become  stationary.  Against  that  point 
make  another  mark,  and  write  on  the  scale  212  for  the 
heat  of  boilmg  water.  Between  these  points  the  scale 
is  divided  into  ISO  parts. 

jE7.  Why  180  parts? 

F,  Because  you  begin  fi-om  32,  and  if  you  substract 
that  number  from  212,  the  remainder  will  be  180.  Also, 
below  32,  and  above  212,  are  set  off  more  divisions  on 
the  scale,  equal  to  the  others.  The  words  temperate 
heat,  summer  heat^  blood  heat,  /ever  heat,  spirits  boil, 
are  often  placed  on  the  scale,  opposite  certain  degrees. 
In  common  thermometers,  these  parts  are  equal ;  but 
in  good  thermometers,  it  does  not  follow  that  they  are  equal :  for 
such  thermometers  are  graduated  by  exposing  them  witL  the  ut- 
most nicety  to  other  temperatures  between  32°  and  212° ;  and 
placing  the  graduation  opposite  the  place  to  which  the  mercury 
rises.  No  reliance  is  to  be  placed  on  thermometers  not  thus 
graduated.     The  best  thermometers  are  of  small  bore,  and  arc 

*  This  should  be  done  very  ffradoally,  by  holding  it  Bomis  time  in  the  steam,  to 
prevent  its  breaking  by  the  sadden  heat. 


Fig.  33. 
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graduated  on  the  glass  itself :  those  whose  scales  are  on  ivory  are 
not  trustworthy ;  and  those  on  box-wood  are  continually  varying, 
and  are  most  difficult  of  correction. 

E,  This  explains  to  me  why  the  two  60's  do  not  fall  opposite 
to  each  other  on  your  pair  of  thermometers ;  and  the  two  60's  are 

.    nearer  on  a  level,  but  still  not  quite  so. 

F,  These  differences  arise  from  the  irregularity  in  the  tube, 
which  cannot  be  obviated,  and  is  thus  neutralized  in  all  standard 
instruments. 

E,  You  said  the  scale  was  to  be  divided  higher  than  boiling 
water,  but  without  mentioning  the  extent. 

F,  The  utmost  extent  of  the  mercurial  thermometer,  both 
ways,  are  the  points  at  which  quicksilver  boils  and  freezes  ; 
beyond  these  it  can  be  no  guide :  now  the  degree  of  heat  at  which 
mercury  boils  is  600,  and  it  freezes  when  it  is  brought  down  as 
low  as  39^  or  40°  below  0 ;  consequently  the  whole  extent  of  the 
mercurial  thermometer  is  about  640  degrees,  agreeably  to  this 
division.* 

C  Is  the  cold  ever  so  intense  as  to  cause  the  mercury  to  sink 
40°  below  the  freezing  point. 

F.  Not  in  this  country,  but  it  is  in  some  parts  of  Lapland  and 
Siberia ;  and  even  here  artificial  cold  may  be  produced  equal  to 
this ;  as,  for  instance,  by  solid  carbonic  acid.  It  is  usual  to  have 
thermometers  for  their  particular  uses :  as,  for  instance,  an  instru- 
ment for  meteorological  observations  need  not  be  graduated 
beyond  or  indeed  so  high  as  boiling  water;  nor  need  it,  for 
temperate  latitudes,  go  below  0°. 

The  minimum  thermometer  is  supplied  with  spirit  instead  of 
mercury,  and  shows  the  lowest  temperature  to  which  it  may  have 
been  exposed  since  the  last  observation.  A  small  glass  thread  is 
within  the  spirit,  and,  by  inverting  the  instrument,  its  end  is 
made  to  coincide  with  the  level  of  the  spirit ;  as  the  spirit  falls,  it 
falls  with  it ;  but  when  it  begins  to  rise,  the  glass  index  remains 
behind,  and  shows  the  lowest  temperature. 

The  maximum  thermometer  is  supplied  with  mercury,  and 
carries  a  steel  index :  as  the  mercury  rises,  it  carries  the  index 
with  it ;  but  when  it  falls,  it  leaves  the  index  behind,  which 
shows  the  greatest  height  the  mercury  has  attained.  The  steel 
index  is  brought  back  by  means  of  a  little  magnet. 

The  index  of  this  maximum  theimometer  is  apt  to  get  entangled 
in  the  mercury,  and  the  column  will  break  and  cause  inconveni- 
ence ;  on  which  account  the  jurors  of  the  Great  Exhibition,  espe- 

*  The  French  divide  the  space  between  the  freezing  and  boiling  points  of  mer- 
cury into  100  equal  divisions ;  and  call  the  instroment  thus  constructed  the  centi- 
^iradg  tbermometer. 
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cially  Mr.  Glaisher,  suggested  an  improvement,  which  has  been 
successfully  effected  by  Messrs.  Negretti  and  Zambra.  They 
have  inserted  a  small  piece  of  glass  near  the  bulb  and  within  the 
tube,  which  it  nearly  fills.  As  the  temperature  increases,  the 
mercury  passes  this  piece  of  glass ;  but,  when  the  temperature 
falls,  the  glass  acts  as  a  valve  or  plug,  and  fills  the  bend,  and  so 
prevents  the  return  of  the  mercury. 

The  differential  thermometer  consists  of  a  horizontal  tube, 
bent  upwards  at  each  end,  and  terminating  in  glass  bulbs.  With 
the  exception  of  a  small  drop  of  liquid,  the  apparatus  is  filled 
with  air ;  and  is  so  constructed,  that  when  the  drop  of  the  liquid 
is  at  the  centre  of  zero  point  of  the  horizontal  tube,  the  air  in 
the  bulbs  has  the  same  pressure  ;  but  according  as  one  or  other 
bulb  is  exposed  to  a  higher  or  lower  temperaturcj  the  drop  of 
liquid  moves  this  way  or  that,  and  so  indicates  the  difference  of 
temperature.  This  instrument  is,  as  you  see,  an  air  thermo- 
meter. 


CONVERSATION  XXII. 

Of  the  Thermometer, 

C,  Is  quicksilver,  when  frozen,  a  solid  metal,  like  iron  and 
other  metals  ? 

F.  It  is  thus  far  similar  to  them,  that  it  is  malleable,  or  will 
bear  hammering.  And  when  quicksilver  boils,  it  goes  off  in 
va])Our  like  boiling  water,  only  much  slower.  Ilcnce  it  has  been 
inferred,  that  all  bodies  in  nature  are  capable  of  existing  either  in 
a  sdidy  fluid,  or  aeriform-  state,  according  to  the  degree  of  heat 
to  which  they  are  exposed. 

E.  I  understand  that  water  may  be  either  solid,  as  ic*e,  or  in  its 
fluid  iiatural  state,  or  in  a  state  of  vapour  or  steam. 

F,  I  do  not  wonder  that  you  call  the  fluid  state  of  water  its 
natural  state,  because  we  are  accustomed,  in  general,  to  see  it  so  ; 
and  when  it  is  frozen  to  ice,  there  appears  to  us,  in  this  country, 
a  violence  committed  upon  nature.  But  if  a  person  from  the 
West  or  East  Indies,  who  had  never  seen  the  effects  of  frost,  were 
to  arrive  in  Great  Britain  during  a  severe  and  long-continued  one, 
such  as  formerly  congealed  the  surface  of  the  Thames,  unless  he 
were  told  to  the  contrary,  he  would  conclude  that  ice  was  some 
mineral,  and  naturally  solid. 

E,  Does  water  ever  freeze  in  the  East  or  West  Indies  ? 

F.  It  seldom  freezes,  unless  in  very  elevated  situations,  within 
35  degrees  of  the  equator  north  and  south  \  \t  scKra^^  «s^x  \k»^ 
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in  latitudes  higher  tha^i  60^.  In  our  own  climate^  and  indeed 
in  all  others  between  36°  and  60°,  it  rarely  freezes  till  the  sun's 
meridian  altitude  is  less  than  40  degrees.  The  coldest  part  of  the 
24  hours  is  generally  about  an  hour  before  sunrise,  and  the 
warmest  part  of  the  day  is  usually  between  two  and  four  o'clock 
in  the  afternoon. 

0.  Are  there  no  degrees  of  heat  higher  than  that  of  boiling 
mercunr  ? 

F,  Yes,  a  great  many :  brass  will  not  melt  till  it  is  heated 
more  than  six  times  hotter  than  boiling  mercury ;  and  to  melt 
cast-iron  requires  a  heat  more  than  six  times  greater  than  this. 

E,  By  what  kind  of  thermometer  are  these  degrees  of  heat 
measured  ? 

F.  The  ingenious  Mr.  Wedgwood  invented  a  thermometer  for 
measuring  the  degrees  of  heat  up  to  32,277°  of  Fahrenheit's  scale. 

C,  Can  you  explain  the  structure  of  this  thermometer  ? 

F,  All  argillaceous  bodies,  or  bodies  made  of  clay,  are  dimi- 
nished is  bulk  by  the  application  of  great  heat.  The  diminution 
commences  in  a  dull  red  heat,  and  proceeds  as  the  heat  increases, 
till  the  clay  is  vitrified,  or  transformed  ihto  a  glassy  substance. 
This  is  the  princij^e  of  Mr.  Wedgwood's  thermometer ;  but  it  is 
not  a  good  one,  partly  on  account  of  the  difficulty  of  obtaining 
clay  of  uniform  composition,  and  partly  because  the  principle 
upon  which  it  is  founded  is  not  a  correct  one,  for  clay  will  con- 
tract as  much  by  a  long-continued  low  heat  as  by  a  short  con- 
tinuance of  a  high  one.  The  late  Professor  Daniel!  has  therefore 
constructed  one  on  an  improved  principle,  and  called  it  a  "Re- 
gister Pyrometer :"  it  consists  of  two  parts,  which  may  be  distin- 
guished as  the  register  and  the  scale,  and  its  indications  may  be 
relied  on  with  much  greater  certainty  than  those  of  Wedgwood's 
instrument. 

E,  Is  vitrification  the  limit  of  Wedgwood's  pyrometer  ? 

F,  Yes.  The  construction  and  application  of  this  instrument 
are  extremely  simple,  and  it  consists  of  two  rulers  fixed  on  a 
plane,  a  little  farther  asunder  at  one  end  than  at  the  other,  leavina: 
a  space  between  them.  Small  pieces  of  alum  and  clay,  mixed 
together,  are  made  just  large  enough  to  enter  at  the  wide  end ; 
they  are  then  heated  in  the  fire  with  the  body  whose  heat  is  to  be 
ascertained.  The  fire,  according  to  its  heat,  contracts  the  earthy 
body,  so  that,  being  applied  to  the  wide  end  of  the  gauge,  it  will 
slide  on  towards  the  narrow  end,  less  or  more,  according  to  the 
degree  of  heat  to  which  it  has  been  exposed.* 

Each  degree  of  Mr.  Wedgwood's  thermometer  answers  to  130 

•  We  have  in  the  former  parts  of  this  work  observed  that  all  bodies  are  ex- 
panded by  heat.    The  diminution  of  the  argillaceous  substances  made  use  of  by 
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degrees  of  Fahrenheit,  and  he  begins  his  scale  from  red  heat  fully- 
visible  in  daylight,  which  he  finds  to  be  equal  to  1077°  of  Fahren- 
heit's scale,  if  it  could  be  carried  so  high. 

Here  is  a  small  scale  of  heat,  as  it  is  applicable  to  a  few 
bodies : — 

SCALE   OF    HEAT. 

Extremity  of  Wedgwood's  scale  -  -  32277® 

Cast-iron  melts            -               -  -  at     -  2786 

Fine  gold  melts           _               _  -  -  2016 

Fine  silver  melts         _               _  _  -  1873 

Brass  melts  -----  1869 

Red  heat  visible  by  day             _  -  -  980 

Mercury  boils              -               -  -  at      -  671 

Lead  melts*                 -               -  -  -  612 

Bismuth  melts*           -               _  .      _  _  476 

Tin  melts*  -               -               -  -  -  442 

Milk  boils    -               -               -  -  -  213 

Water  boils-               -               -  -  -  212 

Heat  of  the  human  body            -  -  92  to  97 

Water  freezes              -               -  -  -  32 

Milk  freezes                -               -  -  -  30 

A  mixture  of  snow  and  salt  sinks  the  thermometer 

to         -              -              -  -  -  0 

Mercury  freezes          -              -  -  -  —40 

C.  You  said  that  Reaumur's  thermometer  was  chiefly  used 
abroad ;  what  is  the  diflference  between  that  and  Fahrenheit's  ? 

F.  Reaumur  places  the  freezing  point  at  0,  or  zero,  and  each 
degree  of  his  thermometer  is  equal  to  2J,  or  |  degrees  of  Fahren- 
heit's. 

E,  What  does  he  make  the  heat  of  boiling  water  ? 

F,  Having  fixed  his  freezing  point  at  0,  and  made  one  of  his 
degrees  equal  to  2|  of  Fahrenheit's,  the  heat  of  boiling  water 
must  be  80°. 

C.  Let  me  see.  The  number  of  degrees  between  the  freezing 
and  boiling  points  on  Fahrenheit's  thermometer  is  180,  which, 
divided  by  2^,  or  2*26,  gives  80  exactly. 

F.  You  have  then  a  rule  by  which  you  may  always  convert 


Mr.  Wedgwood  appears  to  be  on  exception ;  bat  as  the  contraction  of  these  does 
not  commence  till  they  are  exposed  to  a  red  heat,  it  may  probably  be  accounted 
for  from  the  expulsion  of  the  fluid  particles,  rather  than  from  any  real  contraction 
of  the  solids. 

•  If  these  three  metals  be  mixed  together  by  ftision  in  the  proporticm  of  5,ft» 
and  3,  the  mixture  will  melt  in  a  heat  below  that  of  boiling  v(aitAt« 
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the  degrees  of  Fahrenheit  into  those  of  Reaumur: — "Subtract  32 
from  the  given  number,  and  multiply  by  the  fraction  J."  Tell 
me,  Emma,  what  degree  on  Reaumur's  scale  answers  to  167"  of 
Fahrenheit. 

E,  Taking  32  from  167,  there  remains  135,  which,  multiplied 
by  4,  gives  540,  and  this,  divided  by  9,  gives  60.  So  that  60"  of 
Reaumur  answers  to  167°  of  Fahrenheit. 

C,  How  shall  I  reverse  the  operation,  and  find  a  number  on 
Fahrenheit's  scale  that  answers  to  a  given  one  on  Reaumur's  ? 

F,  "  Multiply  the  given  number  by  the  improper  fraction  J, 
and  add  32  to  the  product."  Tell  me  what  number  on  Fahren- 
heit's scale  answers  to  40  on  Reaumur's. 

C,  If  I  multiply  40  by  9,  and  divide  the  product  by  4,  I  get 
90 ;  to  which,  if  32  be  added,  th6  result  is  122.  This  answers  to 
40  on  Reaumur's  scale. 

F.  What  numbers  on  Reaumur's  scale  will  answer  to  76°,  98°, 
and  112°  of  Fahrenheit ;  that  is,  to  summer  heat,  blood  heat,  and 
fever  heat  ? 

E,  The  numbers  are  19 J,  29J,  and  35 J  nearly  ;  for 

(76-32)xJ  =  ^  =  19-5.  ^ 

(98  -  32)  X  J  =  —  =  29-33,  &c. 
•  %) 

(112-32) xa  =  ?|^  =  35-56,  &c. 

Similar  rules  may  be  employed  with  regard  to  the  Centigrade 
thermometer ;  only  that  the  multipliers  must  be  |  and  §  instead 
of  §  and  J. 

C,  Are  there  any  other  thermometers  ? 

F,  Yes;  several.  A  very  ingenious  one,  invented  by  M. 
Breguet.  A  thin  riband  of  platinum  is  soldered  to  one  of  gold, 
and  the  compound  riband  is  made  into  a  helix.  Now,  as  these 
two  metals  expand  differently  for  the  same  increments  of  tempera- 
ture, the  helix  either  twists  or  untwists,  and  carries  with  it  an 
index.  The  most  delicate  of  all  measurers  of  heat  is  the  thermo- 
electric pile ;  but  as  you  cannot  understand  this  until  we  have 
same  conversation  on  electricity,  I  must  be  content  with  telling 
3'ou,  that  directly  you  enter  a  room  it  will  announce  an  increase 
of  temperature,  and  it  has  been  known  to  indicate  the  temperature 
of  insects. 
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CONVERSATION  XXIII. 

Of  tlie  FyTometeT  and  Eygrometer. 
F.  To  make  our  description  of  philosophical  instrunieiits  more 
perfect,  I  shall  to-duy  show  you  the  construction  and  uses  of  the 
pyrometer  and  hygrometer,  and  conclude,  to-morrow,  with  an 
account  of  the  rmn-gauge,  and  some  directions  for  judging  of  the 
weather. 

E.  What  do  you  mean  bj  a  pyrometer  ? 

F.  It  is  a  Greek  word,  and  signifies  a  fire-measurer.  The 
pyrometer  a  a  machine  for  measuring  the  expansion  of  solid  sub- 
stances, particularly  metals,  by  heat.  This  instrument  will  render 
the  smallest  expansion  sensible  to  the  naked  eye. 

C,  Is  all  this  apparatus  necessary  for  the  purpose  ? 

F.  This,  as  far  as  I  know,  is  one  of  the  most  simple  Pyro- 
meters, and  admits  of  an  easy  explanation ;  I  have  chosen  it  in 
preference  to  a  more  complicated  instrument,  which  might  be  sus- 


tnming  very  easily  on  the  pivot  r,  and  l  9  is  another,  turning 
on  L,  and  pointing  to  the  scale  m  n.  b  is  a  part  of  a  watch- 
spring  fised  at  T,  and  pressing  gently  upon  the  indei  i,  s.  Here 
is  a  bar  of  iron,  at  the  common  temperature  of  the  surrounding 
air  :  I  lay  it  in  the  studs  c  and  d,  and  adjust  the  Bcrew  p,  so  that 
the  index  i.  g  may  point  to  0  on  the  scale. 

C  The  bar  cannot  expatid  without  moving  the  index  r  H,  the 
crooked  part  of  which  pressing  upon  l  8,  that  also  will  be  moved, 
if  the  bar  lengthens. 

F.  Try  the  experiment ;  friction,  you  knov,  produces  heat ; 
take  the  bar  out  of  the  nuts,  rub  it  briskly,  and  tben  replace  it 
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C,  The  index  l  s  has  moved  to  that  part  of  the  scale  which  is 
marked  2.  It  is  now  going  back.  How  do  you  calculate  the 
length  of  the  expansion  ? 

'  F.  The  bar  presses  against  the  index  f  h  at  f,  and  that  again 
presses  against  l  s  at  z,  and  hence  they  both  act  as  levers. 

C.  And  they  are  levers  of  the  thircf  kind ;  for  in  one  case  the 
fulcrum  is  at  X)  the  power  at  f,  and  the  point  z  to  be  moved  maj 
be  considered  as  the  weight ;  in  the  other,  l  is  the  fulcrum,  lie 
power  is  applied  at  z,  and  the  point  s  is  to  be  moved.* 

F,  The  distance  between  the  moving  point  f  and  h  is  20  times 
greater  than  that  between  x  and  f  ;  the  same  proportion  holds 
between  l  s  and  l  z  ;  from  this  you  will  get  the  spaces  passed 
through  by  the  diiferent  points. 

E.  Then  as  much  as  the  iron  bar  expands,  so  much  will  it 
move  the  point  r,  and  of  course  the  point  z  will  move  twenty 
times  as  much ;  so  that  if  the  bar  lengthened  i^th  of  an  inch, 
the  point  z  would  move  fjths,  or  2  inches.  By  the  same  rule,  the 
point  8  will  move  through  a  space  20  times  as  great  as  the  point  z. 

F,  There  are  two  levers,  then,  each  of  which  gains  power,  or 
moves  over  space,  in  the  proportion  of  20  to  1  ;  consequently, 
when  united,  as  in  the  present  case,  into  a  compound  lever,  we 
multiply  20  into  20,  which  makes  400  ;  and  therefore  if  the  bar 
lengthens  i^jth  of  an  inch,  the  point  s  must  move  over  400  times  the 
space,  or  40  inches.  But  suppose  it  only  expands  ^th  part  of  an' 
inch,  how  much  will  s  move  r 

t\  One  inch. 

F,  But  every  inch  may  be  divided  into  tenths,  and  conse- 
quently, if  the  bar  lengthens  only  the  ^th  part  of  an  inch,  the 
point  s  will  move  through  the  tenth  part  of  an  inch,  which  is  veiy 
perceptible.  In  the  present  case  the  point  s  has  moved  two 
inches ;  therefore  the  expansion  is  equal  to  ^Is^hs,  or  j^Xh.  part  of 
an  inch.  An  iron  bar,  three  feet  long,  is  about  .jjjth  part  of  an 
inch  longer  in  summer  than  in  winter. 

C.  I  see  that,  by  increasing  the  number  of  levers,  you  might 
carry  the  experiment  to  a  much  greater  degree  of  nicety. 

F,  There  are  other  pyrometers  besides  this — Daniell's  is  the' 
best.  It  consists  of  a  bar  of  platinum,  or  of  wrought  iron,  placed 
in  a  black-lead  tube.  If  this  is  placed  in  a  furnace  the  metal 
expands,  and  pushes  forward  a  little  piece  of  porcelain,  which  is 
so  adjusted  as  to  remain  wherever  it  is  pushed  to  ;  and,  therefore, 
when  the  instrument  is  taken  from  the  fire  it  may  be  examined, 
and  the  degree  of  expansion  observed. 

Well,  let  us  now  proceed  to  the  hygrometer,  which  is  an  instni- 

*  For  an  aocoimt  of  the  different  levers,  see  MechanicB^  Conversation  XY. 
and  XVI. 
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meiit  contrived  for  measuring  the  different  degrees  of  moisture  in 
the  atmosphere. 

E,  I  have  a  weather-house  that  I  bought  at  a  fair,  which  tells 
me  this ;  for  if  the  air  is  very  moist,  and  thereby  denotes  wel 
weather,  the  man  comes  out ;  and  in  fair  weather,  when  the  atmo- 
sphere is  dry,  the  woman  makes  her  appearance. 

C.  How  is  the  weather-house  constructed  ? 

F.  The  two  images  are  placed  on  a  kind  of  lever,  which  is 
sustained  by  catgut:  and  catgut  is  very  sensible  to  moisture, 
twisting  and  shortening  by  moisture,  and  untwisting  and  lengthen- 
ing as  it  becomes  dry.  On  the  same  principle  is  constructed 
another  hygrometer,  a  b  is  a  catgut  string, 
suspended  at  a  with  a  little  weight  b,  that  carries 
an  index  c  round  a  circular  scale  d  £  on  a  horizon- 
tal board  or  table;  for,  as  the  catgut  becomes 
moist,  it  twists  itself,  and  untwists  when  it  ap- 
proaches to  a  drier  state. 

J?.  Then  the  degrees  of  moisture  are  shown  by 
the  index,  which  moves  backwards  and  forwards  by 
the  twisting  and  untwisting  of  the  catgut.  Does 
all  string  twist  with  moisture  ? 

F,  Yes.     Take  two  pieces  of  common   pack- 
thread, and  attach  to  them  a  pound  weight,  which 
suspend  in  a  vessel  of  water,  and  you  will  see  how  soon  the  two 
strings  are  twisted  round  one  another. 

C.  I  recollect  that  the  last  time  the  lines  for  drying  the  linen 
were  hung  out  in  the  garden,  they  appeared  to  be  much  looser  in 
the  evening  than  they  were  next  morning,  so  that  I  thought  some 
person  had  been  altering  them.  A  sudden  shower  of  rain  has 
produced  the  same  effect  in  a  striking  manner. 

E,  Sometimes,  when  damp  weather  unexpectedly  sets  in,  the 
string  of  the  harp  has  snapped  when  no  person  was  near  it. 

F,  These  are  the  effects  produced  by  the  moisture  of  the  air ; 
the  damp  of  night  always  shortens  hair  and  hempen  lines  ;  and, 
owing  to  the  changes  to  which  the  atmosphere  a^ 
in  our  climate  is  liable,  the  harp,  violin,  &c., 
that  are  tuned  one  day,  will  need  some 
alteration  before  they  can  be  used  the  next 

Here  is  a  good  and  very  simple  hygro- 
meter ;  it  consists  of  a  piece  of  whip-cord  or 
catgut,  fastened  at  a,  and  stretched  over 
several  pulleys,  b,  c,  d,  k,  f  :  at  the  end  is 
a  little  weight  w,  to  which  is  an  index 
pointino^  to  a  graduated  scale. 


Fig.  35. 


Fig.  36. 


C,  Then,  according  to   the   degree  of  moisture  in  Ihft  ^\£^ 


B 
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the  string  shortens  or  lengthens,  and  of  course  the  index  points 

higher  or  lower. 

F.  Another  kind  of  hygrometer  consists 
of  a  piece  of  sponge  b,  prepared  and  nicely 
balanced  on  the  beam  x  y ;  and  the  fulcrum 
z  lengthened  out  into  an  index  pointing  to  a 
scale  A  B. 

E.  Does  the  sponge  imbibe  moisture  suffi- 
pj    3Y              ciently  to  become  a  good  hygrometer  ? 

F.  Sponge  of  itself  will  answer  the  pur- 
pose ;  but  it  is  made  much  more  sensible  in  the  following 
manner : — 

After  the  sponge  is  well  washed  from  all  impurities  and  dried 
again,  it  should  be  dipped  into  water  or  vinegar,  in  which  sal 
ammoniac,  salt  of  tartar,  or  almost  any  other  saline  substance,  has 
been  dissolved,  and  then  suffered  to  dry,  when  it  should  be  accu- 
rately balanced. 

C.  Do  the  saline  particles,  in  damp  weather,  imbibe  the  mois- 
ture and  cause  the  sponge  to  preponderate  ? 

F.  They  do.  Instead  of  sponge,  a  scale  may  be  hung  at  e,  in 
which  must  be  put  some  kind  of  salt  having  an  attraction  to  the 
watery  particles  that  float  in  the  air.  Sulphuric  acid  may  be  sub- 
stituted in  the  place  of  salt ;  but  this  is  not  fit  for  your  experiments, 
because  a  little  spilt  over  will  destroy  your  clothes ;  other- 
wise, it  makes  a  very  sensible  hygrometer.  Chloride  of  lime  will 
do. 

E,  I  have  heard  the  cook  complain  of  the  damp  weather  when 
the  salt  becomes  wet. 

F.  Right ;  the  salt-box  in  the  kitchen  is  not  a  bad  hygrometer ; 
and  various  others  you  may  easily  construct,  as  your  knowledge  of 
natural  substances  becomes  extended. 

E.  But,  papa,  I  have  frequently  seen  you  consult  a  kind  of 
double  thermometer,  and  heard  you  make  remarks  about  the  mois- 
ture of  the  day. 

F.  You  are  right*;  this  is  Mason's  hygrometer  ;  it  is  sometimes 
called  a  psychrometer,  from  a  Greek  word  signifying  cold,  I  will 
show  it  you.  You  observe  it  consists  of  two  delicate  thermo- 
meters ;  one  of  them  is  covered  with  book-muslin,  from  which  a 
few  silk  threads  dip  into  a  vessel  of  water,  so  that  the  muslin  is 
always  wet.  The  wet  thermometer  is  lower  than  the  dry :  can 
you  tell  me  why,  Charles  ? 

C.  Because  the  moisture  from  the  muslin  evaporates  into  the 
air  ;  and  evaporation  always  produces  cold. 

F.  You  are  right:  and  you  can  also  see  that  the  drier  the 
weather,  the  greater  will  be  the  evaporation,  and  the  colder  will 
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the  bulb  become.  So  that  the  greater  the  difference  of  tempera- 
ture between  the  two  bulbs,  the  drier  is  the  air.  Tables  are  con- 
structed, so  that  on  looking  for  the  two  temperatures  we  find  set 
against  them  the  j)ercentage  of  moisture  of  the  air. 

0.  I  have  heard  you  speak  of  Danieirs  hygrometer. 

F,  It  is  a  glass  tube  like  an  inverted  n  with  a  bulb  at  each 
end :  one  bulb  contains  ether,  and  in  it  is  a  small  and  very  deli- 
cate thermometer ;  the  other  bulb  is  covered  with  muslin.  All 
the  air  is  extracted  from  the  tube,  so  that  it  only  contains  the 
vapour  of  ether.  The  muslin  is  to  be  wetted  with  ether ;  the 
drier  the  air  is,  the  faster  this  evaporates :  the  cold  produced  con- 
denses the  vapour  of  ether  within  the  tube,  fresh  vapour  rises 
from  the  ether  in  the  other  bulb,  and  it  becomes  colder.  Pre- 
sently it  becomes  so  cold  that  the  moisture  of  the  air  is  deposited 
on  the  bulb.  The  operation  is  now  completed,  and  the  tempe- 
rature of  the  little  thermometer  is  noted.  This  is  called  the  dew- 
point. 

E.  I  see  that  the  dry  thermometer  is  now  standing  at  60°,  and 
the  wet  at  54°  ;  what  am  I  to  understand  by  this  ? 

F.  I  will  open  Mr.  Glaisher's  valuable  Hygrometric  Tables, 
and  see  the  figures  that  stand  facing  these  temperatures  ;  and 
explain  their  meaning. 

1.  Temperature  of  the  dew-pointy  49°*  8;  from  which  you  are 
to  understand,  that  if  the  temperature,  as  shown  by  the  dry 
bulb,  were  reduced  to  49°* 8,  the  moisture  in  the  air  would  be 
condensed,  and  it  would  rain.  So  as  there  are  10°*2  for  the 
temperature  to  fall,  and  as  it  is  now  getting  warmer,  we  are 
tolerably  sure  it  will  not  rain  to-day.  Daniell's  hygrometer 
shows  the  dew-point  at  once ;  but  it  is  not  convenient  at  all 
times  and  in  all  places  to  have  ether  at  hand;  whereas  rain- 
water for  the  wet-bulb  thermometer  is  at  hand  in  all  parts  of 
the  world.  When  the  two  thermometers  are  together,  no  evapora- 
tion is  occurring,  the  air  being  saturated  with  moisture,  and  it  rains. 

2.  Elastic  force  of  vapour  in  inches  of  mercury,  0'371  in, ; 
^  which  means  that  the  total  pressure  of  the  aqueous  vapours,  now 
'  diffused  in  the  air,  is  equal  to  a  column  of  mercury  of  the  above 

height ;  so  that  whatever  may  be  the  height  of  the  barometer,  the 
above  portion  is  due  to  aqueous  vapour. 

3.  Weight  of  vapour  in  a  cubic  foot  of  air,  4*17  grains.  A 
thousand  cubic  inches  of  dry  air,  when  the  thermometer  is  at 
60°,  and  the  barometer  at  30  in.,  weigh  308  grains.  A  cubic 
foot  of  dry  air  at  the  standard  temperature  of  32°,  and  with  the 
barometer  at  30  in.  weighs  $63*2154  grains.  The  actual  weight 
of  the  aqueous  vapours  diffiised  in  a  cubic  foot  of  air  is  now  4*17 
grains. 
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4.  Weight  of  vapour  required  for  saturation  of  a  cubic  foot  of 
air,  1*70  grains ;  which  means  timt  the  air,  under  present  circam- 
stances,  holding,  as  it  .does,  4*17  grains  per  cubic  foot,  is  able  to 
dissolve  only  1*70  grains  more ;  if  therefore  it  is  exposed  to  a 
greater  degree  of  humidity,  dew  will  be  deposited  or  rain  will  falL 

C,  Then  there  are  two  causes  that  may  produce  rain ;  if  the 
air  becomes  sufficiently  cold,  the  moisture  will  no  longer  be 
retained ;  or  if  more  moisture  be  presented  to  the  air  than  it 
can  contain,  it  will  be  deposited  in  dew  or  rain ;  if  both  these 
changes  occur  simultaneously,  the  rain  will  be  greater  and  more 
abundant. 

5.  Degree  of  saturation  (complete  saturation,  1*00),  '710 ; 
which  means  that  if  1  represents  the  state  of  the  air  when  quite 
saturated  with  moisture,  '7 1  represents  its  present  state  ;  which  is 
therefore  71  per  cent,,  about  seven-tenths  saturated,  leaving 
therefore  a  capacity  for  three-tenths  more. 

6.  Weight  in  grains  of  a  cubic  foot  of  air. 

Barometer  28  0  inches,  494*4  grains. 

„  28*6  „  503*2  „ 

„  29*0  „  612*0  „ 

„  29-6  „  620-8  „ 

„  300  „  629-6  „ 

„  30-5  „  538*4  „ 

„  31*0  „  547*2  „ 

This  column  expresses  the  actual  weight  of  a  cubic  foot  of 
air  under  the  present  circumstances  of  containing  71  per  cent, 
of  moisture.  So  that,  if  the  barometer  shall  now  be  standing 
at  30  inches,  the  weight  of  a  cubic  foot  of  air  would  be  629*6 
inches. 

I  must  refer  you  to  Kaemtz's  or  to  Daniell's  Meteorology,  and 
to  Mr.  Glaisher's  Tables,  for  further  information  of  the  uses  of  this 
instrument ;  I  shall  here  merely  mention  that  it  must  be  placed  in 
the  shade  with  a  north  aspect,  not  too  near  walls,  and  about  four 
feet  from  the  ground. 


CONVERSATION  XXIV, 

Of  the  Bain-Gauge, 

C.  Does  the  rain-gauge  measure  the  quantity  of  rain  that 
falls  ? 

F,  It  shows  the  height  to  which  the  rain  would  rise  on  the 
place  where  it  is  fixed,  if  there  were  no  evaporation,  and  if  none 
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of  it  were  imbibed  by  the  earth.      A  funnel,  A,  communicates 
with  a  cylindric  tube,  b.     The  diameter  of  the  funnel 
is  exactly  1 2  inches,  and  that  of  the  tube  is  4  inches. 
Tell  me,   Emma,   what   proportion  the  area  of  the 
former  has  to  that  of  the  latter. 

E,  I  remember  that  all  similar  plane  surfaces  bear 
the  same  proportion  to  one  another  that  the  squares  of 
their  like  dimensions  have.  Now  the  square  of  12  is 
144,  and  the  square  of  4  is  16,  therefore  the  propor- 
tion of  the  area  of  the  funnel  is  to  that  of  the  tube  as 
144  to  16.  ^8-  38- 

F.  But  144  may  be  divided  by  16,  without  leaving  a  remainder. 
C  Yes ;  9  times  16  is  144,  consequently  the  proportion  is  as 

9  to  1 ;  that  is,  the  area  of  the  funnel  is  9  times  greater  than  that 
of  the  tube. 

F.  If  then  the  water  in  the  tube  be  raised  9  inches,  the  depth 
of  rain  fallen  will,  in  the  area  of  the  funnel,  which  is  the  true 
gauge,  be  only  one  inch. 

C,  Does  the  little  graduated  rule  mark  the  elevation  ? 

F,  Yes,  it  does.     It  is  a  floating  index  divided  into  inches. 

E,  If  then  the  float  be  raised  1  inch,  is  the  depth  of  water 
reckoned  only  J  of  an  inch  ? 

F,  Just  so :  and  each  nine  inches  in  length  being  divided  into 
100  equal  parts,  the  fall  of  rain  can  be  readily  estimated  to  the 
gjn  part  of  an  inch.  Rain-gauges  should  be  varnished  or  well 
painted ;  and  as  much  water  should  be  first  poured  in  as  will  raise 
the  float  to  such  a  height,  that  0,  or  zero,  on  the  ruler,  may  coin- 
cide with  the  edge  of  the  funnel. 

C.  This  is  not  like  your  rain-gauge. 

F.  Mine  is  a  cubical  zinc  box,  10  inches  square.  It  is  open 
above ;  and  presents  a  funnel  mouth  to  the  sky,  having  a  small 
hole  in  the  centre,  through  which  the  rain-water  runs  into  the 
vessel.  There  is  a  pipe,  through  which  I  pour  out  what  has 
been  collected,  and  measure  it  in  a  glass  measure,  graduated  to 
cubic  inches  and  fifths.     Hence  one  inch  of  rain  produces  10  x 

10  ==  100  cubic  inches  of  water,  of  which  I  could  measure  easily 
the  hundredth  or  even  thousandth  part,  and  this  would  represent 
the  fjgth  or  toW^^  ^f  ^^^  ^^h  of  rain. 

You  have  now  a  pretty  full  account  of  all  the  instruments  neces- 
sary for  judging  of  the  state  of  the  weather,  and  for  comparing, 
at  difierent  seasons,  the  various  changes  as  they  happen. 

E,  Yes ;  the  barometer  informs  us  how  dense  the  atmosphere 
is  ;  the  thermometer  enables  us  to  ascertain  its  heat ;  the  hygro^ 
meter  what  degree  of  moisture  it  contains ;  and  by  the  rain-gauge 
we  learn  how  much  rain  falls  in  a  ^ven  time. 
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F,  The  rain-gauge  must  be  fixed  at  some  distance  from  all 
buildings  that  might  in  any  way  shelter  it  from  particular  driving 
winds ;  and  the  height  at  which  the  surface  of  the  funnel  is  from 
the  ground  must  be  ascertained. 

C,  Does  it  make  any  difference  in  the  quantity  of  rain  col- 
lected, whether  the  gauge  stands  on  the  ground,  or  some  feet 
above  it  ? 

F.  Very  considerable:  as  that  which  I  have  described  is  a 
cheap  instrument,  one  may  be  placed  on  the  top  of  the  house, 
and  the  other  on  the  giurden  wall,  and  you  will  find?  the  differ- 
ence much  greater  than  you  would  imagine. — I  will  now  give 
you  some  rules  for  judging  of,  and  predicting,  the  state  of  the 
weather,  which  are  taken  from  writers  who  have  paid  the  most 
attention  to  these  subjects,  and  which  my  own  observations  have 
verified. 

1.  The  rising  of  the  mercury  presages,  in  general,  fair  weather, 
and  its  falling,  foul  weather — as  rain,  snow,  high  winds,  and  storms. 
When  the  surface  of  the  mercury  is  convex,  or  standi  higher  in 
the  middle  than  at  the  sides,  it  is  a  sign  the  mercury  is  then  in 
a  rising  state ;  but  if  the  surface  be  concave  or  hollow  in  the 
middle,  it  is  then  sinking. 

2.  In  very  hot  weather,  the  falling  of  the  mercury  indicates 
thunder. 

3.  In  winter,  the  rising  presages  frost ;  and  in  frosty  weather 
if  the  mercury  falls  three  or  four  divisions,  there  will  be  a  thaw. 
But  in  a  continued  frost,  if  the  mercury  rises,  it  will  certainly 
snow. 

4.  When  wet  weather  happens  soon  after  the  depression  of 
the  mercury,  expect  but  little  of  it ;  on  the  contrary,  expect  but 
little  fair  weather,  when  it  proves  fair  shortly  after  the  mercury 
has  risen. 

5.  In  wet  weather,  when  the  mercury  rises  much  and  high, 
and  so  continues  for  two  or  three  days  before  the  bad  weather 
is  entirely  over,  then  a  continuance  of  fair  weather  may  be  ex- 
pected. 

6.  In  fair  weather,  when  the  mercury  falls  much  and  low, 
and  thus  continues  for  two  or  three  days  before  the  rain  comes, 
then  a  great  deal  of  wet  may  be  expected,  and  probably  high 
winds. 

7.  The  unsettled  motion  of  the  mercury  denotes  unsettled 
weather. 

8.  The  words  engraved  on  the  scale  are  not  so  much  to  be  at- 
tended to  as  the  rising  and  falling  of  the  mercury ;  for  if  it  stand 
at  much  rain,  and  then  rises  to  changeable,  it  denotes  fair  weather, 
though  not  to  continue  so  long  as  if  the  mercury  had  risen  higher. 
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If  the  mercury  stands  at  fair,  and  falls  to  changeable,  bad  weather 
may  be  expected. 

9.  In  winter,  spring,  and  autumn,  the  sudden  falling  of  the 
mercury,  and  that  for  a  large  space,  denotes  high  winds  and  storms ; 
but  in  summer  it  presages  heavy  showers,  and  often  thunder.  It 
always  sinks  lowest  of  all  for  great  winds,  though  not  accompanied 
with  rain ;  but  it  falls  more  for  wind  and  rain  together  than  for 
either  of  them  alone. 

10.  If,  after  rain,  the  wind  change  into  any  part  of  the  north, 
with  a  clear  and  dry  sky,  and  the  mercury  rises,  it .  is  a  certain 
sign  of  fair  weather. 

11.  After  very  great  storms  of  ^ivind,  when  the  mercury  has 
been  low,  it  commonly  rises  again  very  fast.  In  settled  fair 
weather,  unless  the  barometer  sink  much,  expect  but  little  rain. 
In  a  wet  season,  the  smallest  depressions  must  be  attended  to  : 
for  when  the  air  is  much  inclined  to  showers,  a  little  sinking  in 
the  barometer  denotes  more  rain.  And  in  such  a  season,  if  it 
rise  suddenly  fast  and  high,  fair  weather  cannot  be  expected  to 
last  more  than  a  day  or  two. 

12.  The  greatest  heights  of  the  mercury  are  found  upon 
easterly  and  north-easterly  winds;  and  it  may  often  rain  or 
snow,  the  wind  being  in  these  points,  while  the  barometer  is  in 
a  rising  state,  the  effects  of  the  wind  counteracting.  But  the 
mercury  sinks  for  wind  as  well  as  rain  in  all  ^other  points  of  the 
compass. 

The  observation  of  these  and  other  rules  which  you  will  collect 
from  experience  will  in  a  short  time  render  you  both  as  "  weather- 
wise^^  as  persons  can  in  truth  be  in  so  variable  a  climate  as 
this. 

If  the  wet  and  dry  bulb  thermometers  are  carefully  observed 
as  well  as  the  barometer,  a  very  accurate  knowledge  may  be  ob- 
tained of  the  probable  changes  that  are  about  to  take  place. 
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APPENDIX  TO  PNEUMATICS. 


Of  Air,  as  a  vehicle  of  heat  and  moisture, — Of  Bain,  BeWj 

Meteoric  Stones, 

The  causes  which  determine  the  distribution  of  heat  over  the 
earth's  surface  are,  as  has  been  shown  in  Conversation  X.  on 
Astronomy,  either  the  direct  influence  of  the  solar  rays,  or  the 
communication  of  heat  by  the  air,  from  one  part  of  the  earth's 
surface  to  another.  The  first  of  these  depends  on  the  latitude 
of  the  place,  by  which  the  intensity  of  the  heat  and  light  from 
the  sun,  and  also  the  length  of  the  day,  are  determined.  But 
the  intensity  of  the  sun's  rays,  when  they  strike  upon  any  place, 
is  as  the  quantity  that  falls  on  a  given  space ;  and,  of  course,  the 
nearer  the  sun  is  to  the  zenith  of  any  place  at  a  given  instant,  the 
greater  the  intensity  of  heat  produced  by  his  rays. 

Moreover,  the  heat  of  an  entire  day  depends  on  the  length  of 
the  day,  as  well  as  on  the  sun's  elevation ;  and  as  the  day  is 
longer  where  the  distance  from  the  zenith  is  greater,  the  in- 
equality in  the  distribution  of  heat,  arising  from  one  of  these 
causes,  compensates  that  which  proceeds  from  the  other,  and 
brings  their  combined  effects  much  nearer  to  an  equality  than 
could  be  imagined. 

The  effects  of  the  direct  influence  of  the  sun  are  greatly  modi- 
fied by  the  transportation  of  the  temperature  of  one  region  into 
another.  Heat  expands  air,  and  it  thus  becomes  specifically 
lighter ;  but  the  columns  of  air,  which  become  lighter  by  the 
action  of  the  sun's  rays,  are  displaced  by  those  that  are  heavier ; 
and  hence  there  is  a  general  tendency  in  the  air  to  move  from 
the  poles  towards  the  equator,  a  circumstance  which  is  admirably 
calculated  to  moderate  the  extremes  of  temperature. 

The  sea,  upon  a  similar  principle,  is  preserved  of  a  moderate 
temperature,  for  the  heavier  columns  of  a  fluid  displace  those  that 
are  lighter.  Hence  the  waters  of  the  ocean  are  of  a  more  uniform 
temperature,  which  temperature  communicates  itself  to  the  sur- 
rounding air. 

The  effect  of  great  continents  is  the  reverse  of  this,  and  is 
favourable  to  the  extremes  of  heat  and  cold.  High  mountains, 
especially  if  covered  with  snow,  may  increase  the  rigour  of  a 
cold  climate,  or  temper  the  heat  of  a  warm  one. 


Ain,   RAIN,   DEW,    ETC.  303 

• 

Forests  tend  to  increase  the  cold,  by  preventing  the  sun's  rays 
from  striking  on  the  ground.  Evaporation,  as  we  see  by  the  wet 
bulb,  produces  cold ;  of  course,  countries  that  abound  in  marshes 
and  lakes  are  subject  to  an  increase  of  severe  cold.  And  it  is  an 
admirable  provision  in  nature,  that  in  the  act  of  the  congelation 
of  water  into  ice,  a  great  deal  of  heat  is  given  out,  which  in  some 
degree  moderates  the  severity  of  the  cold.  On  the  other 
hand,  the  melting  or  thawing  of  ice  produces  cold,  which  pre- 
vents the  dreadful  effects  that  might  be  occasioned  by  a  too 
rapid  thaw,  especially  when  the  ground  is  covered  with  a  very 
deep  snow. 

The  height  above  the  level  of  the  sea  causes  a  diminution  of 
heat  at  the  rate  of  1°  for  about  300  feet  of  elevation,  which  agrees 
with  observations  made  for  12  years,  at  Highgate  and  Camden 
Town,  the  average  temperature  of  the  former  place  being  1°  lower 
than  that  of  the  latter. 

The  varieties  of  temperature  on  the  surface  of  the  earth  are 
probably  confined  between  the  limits  of  100°  above  and  40°  below 
0,  or  zero. 

No  natural  degree  of  cold  much  below  this  has  been  ever  known  ; 
and  the  thermometer,  in  the  shade,  has  rarely,  if  ever,  been  seen 
at  100°.  In  this  country,  as  far  as  I  have  ascertained,  the  hottest 
day  was  Wednesday,  July  13,  1808,  when  the  mercury  stood  at 
90°  in  an  open  situation  in  the  neighbourhood  of  London ;  but  in 
London  and  confined  places  it  was  still  higher. 

There  is  no  doubt  that  the  climates  of  Europe  were  more 
severe  in  ancient  times  than  they  now  are,  and  the  change  is 
ascribed  to  the  better  cultivation  of  the  soil.  Cultivation  may, 
in  fact,  improve  a  climate;  first  by  draining  marshes  and  low 
grounds,  and  thereby  lessening  the  evaporation ;  secondly,  by 
turning  up  the  soil,  and  exposing  it  to  the  rays  of  the  sun  ;  and 
thirdly,  by  thinning  or  cutting  down  forests,  which,  by  their 
shade,  prevent  the  penetration  of  the  sun's  rays.  The  im- 
provements that  are  taking  place  in  the  climate  of  North 
America  prove  that  the  power  of  man  extends  to  phenomena 
which,  from  the  magnitude  and  variety  of  their  causes,  appear 
beyond  his  reach. 

The  vapour  that  rises  from  water,  uniting  itself  to  the  air, 
ascends  into  the  higher  regions  of  the  atmosphere,  and  is  often 
carried  by  the  winds  to  great  distances.  It  is  chemically  dissolved 
in  the  air. 

Humidity  does  not  lessen,  but  increases,  the  transparency  of 
the  air ;  hence  we  often  have  the  clearest  atmosphere  the  day 
before  heavy  rains.  If  two  portions  of  air,  of  different  tem- 
peratures, but  both  saturated  with  humidity,  be  mixed  Xa^^^'Ccv^t^ 
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a  precipitation  must,  on  chemical  principles,  be  throwu  down  in 
the  shape  of  clouds  or  rain. 

Dew  is  a  precipitation  of  humidity  from  the  lower  strata  of 
the  atmosphere.  When  air  containing  humidity  cools  below  a 
certain  point,  it  must  begin  to  deposit  its  moisture.  In  this  way 
dew  is  formed  in  warm  weather,  when,  on  the  sun's  going  down, 
the  heat  of  the  air  at  the  surface  is  greatly  diminished. 

Meteoric  stones  have  been  the  subject  of  much  controversy. 
Some  believe  them  to  have  been  originally  vomited  forth  from 
volcanoes.  Others  have  fancied  that  they  have  been  projected  by 
volcanoes  in  the  moon,  beyond  the  sphere  of  the  moon's  at- 
traction, and  have  in  due  course  fallen  to  the  earth.  Others 
have  thought  that  they  owe  their  origin  to  the  atmosphere; 
that  the  air  is  full  of  particles  of  foreign  matter ;  and  that 
lightning  forms  them  into  a  mass.  But  there  are  many  serious 
objections  to  these  hypotheses.  The  most  reasonable  is  the 
cosmical  theory,  which  supposes  them  to  be  little  masses  of 
planetary  matter  revolving  in  space  ;  and  this  is  the  more  probaUe 
from  the  fact,  that  in  August  and  November,  when  the  earth  is  in 
the  same  parts  of  planetary  space,  they  are  periodically  abundant ; 
just  as  though  the  earth  at  that  time  came  amongst  a  large  group 
of  them. 
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CONVERSATION  L 

DTTRODUCTION. 

Tutor —  Charles — James, 

Of  Light, — Its  Velocity. — Moves  only  in  straight  lines. 

C.  Whbn  we  were  on  the  sea,  you  told  us  that  you  would 
explain  the  reason  why  the  oar,  which  was  straight  when  it  lay 
in  the  boat,  appeared  crooked  as  soon  as  it  was  put  into  the 
water. 

T.  I  did ;  but  it  requires  some  previous  knowledge  before  you 
can  comprehend  the  subject.  It  would  afford  you  but  little  satis^ 
faction  to  be  told  that  this  deception  was  caused  by  the  different 
degrees  of  refraction  which  take  place  in  water  and  air. 

J.  We  do  not  know  what  you  mean  by  the  word  refraction. 

T,  It  will  therefore  be  right  to  proceed  with  caudon.  Refraction 
is  a  term  frequently  used  in  the  science  of  optics,  and  this  science 
depends  wholly  on  light. 

c7.  .What  is  light? 

T.  It  would  perhaps  [be  difficult  to  give  a  direct  answer  to 
your  question,  because  we  know  nothing  of  the  nature  of  light 
but  by  the  effects  which  it  produces. 

J.  Does  not  the  light  come  from  the  sun  in  some  such  manner 
as  it  does  from  a  candle  ? 

T.  This  comparison  will  answer  our  purpose.  But  there  ap- 
pears to  be  a  great  difference  between  the  two  bodies.  A 
candle,  whether  of  wax  or  tallow,  is  soon  exhausted ;  but 
philosophers  have  never  been  able  to  observe  that  the  body 
of  the  sun  is  diminished  by  the  light  which  it  incessantly  pours 
forth. 

J.  Pray,  sir,  how  swiftly  do  you  reckon  that  light  moves  ? 

2.  This  you  will  easily  calculate  when  you  know  that  it  is  only 
about  8  minutes  in  coming  from  the  sun  to  us. 

C,  And  if  you  reckon  the  sun  to  be  at  the  distance  of  t^^N:^- 
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five  millions  of  miles  from  the  earth,  light  proceeds  at  the  rate, 
nearly,  of  twelve  millions  of  miles  in  a  minute,  or  260,000  miles 
in  a  second  of  time.  But  how  do  you  know  that  it  travels  so 
fast? 

T.  It  was  discovered  by  M.  Roemer,  who  observed  that  the 
eclipses  of  Jupiter's  satellites  took  place  about  sixteen  minutes 
later,  if  the  earth  were  in  that  part  of  its  orbit  which  is  farthest 
from  Jupiter,  than  if  it  were  in  the  opposite  point  of  the 
heavens. 

C.  I  understand  this ;  the  earth  may  sometimes  be  in  a  line 
between  the  sun  and  Jupiter ;  and  at  other  times  the  sun  is 
between  the  earth  and  Jupiter ;  and  therefore,  in  the  latter 
case,  the  distance  of  Jupiter  from  the  earth  is  greater  than  in 
the  former,  by  the  whole  length  of  the  diameter  of  the  earth's 
orbit. 

T.  In  this  situation  the  eclipse  of  any  of  the  satellites  is  by 
calculation  sixteen  minutes  later  than  it  would  be  if  the  earth 
were  between  Jupiter  and  the  sun  ;  that  is,  the  light  flowing  froiri 
Jupiter's  satellites  is  about  sixteen  minutes  in  travelling  the  width 
of  the  earth's  orbit,  or  190  millions  of  miles. 

/.  It  would  be  curious  to  calculate,  how  much  faster  light 
travels  than  a  cannon-ball. 

T,  Suppose  a  cannon-ball  to  travel  at  the  rate  of  twelve  miles  a 
minute:  light  is  calculated  to  move  a  million  times  faster  than 
that ;  yet  it  is  conjectured  that  there  may  be  stars  so  distant 
from  us  that  the  light  proceeding  from  them  has  not  yet  reached 
the  earth. 

C,  And  have  I  not  heard  you  say  that  some  of  the  smaller 
nebulae  are  so  far  distant,  that  their  light  could  not  have  reached 
us  in  less  than  many  thousand  years  more  than  the  vulgar  notion 
of  the  duration  of  time  ? 

T.  Yes :  and  this  is  one  of  the  strongest  confirmations  of  the 
ideas  put  forth  by  geologists,  that  the  mere  earth  existed 
"With  a  different  organic  creation,  long  before  man  was  placed 
upon  it. 

J,  And  you  say  light  moves  in  all  directions  ? 

T.  Here  is  a  sheet  of  thick  brown  paper,  and  I  only  make  a 
small  pin-hole  in  it,  and  then,  through  that  hole,  I  can  see  the 
same  objects,  such  as  the  sky,  trees,  houses,  &c.,  as  I  could  if  the 
paper  were  not  there, 

0,  Do  we  only  see  objects  by  means  of  the  rays  of  light  that 
flow  from  them  ? 

T.  In  no  other  way,  and  therefore  the  light  that  comes  from 
the  landscape,  which  1  view  by  looking  through  the  small  hole 
in  the   paper,  must  come  in  all  directions  at  the  same  time. 
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Take  another  instance :  if  a  candle  be  placed  on  an  eminence 
in  a  dark  night,  it  may  be  be  seen  all  round  for  the  space  of  half  a 
mile ;  in  other  words,  there  is  no  place  within  a  sphere  of  a  mile 
in  diameter,  where  the  candle  cannot  be  seen,  that  is,  where  some 
of  the  rays  from  the  small  flame  will  not  be  found. 

/.  Why  do  you  limit  the  distance  to  half  a  mile  ? 

T,  The  distance,  of  course,  will  be  greater  or  less,  according  to 
the  size  of  the  candle ;  but  the  degree  of  light,  like  heat,  diminishes 
in  proportion  as  the  square  of  the  distance  from  the  luminous  body 
increases. 

J,  Do  you  mean  that,  at  the  distance  of  two  yards  from  a  candle, 
we  shall  have  four  times  less  light  than  we  should  have  if  we  were 
only  one  yard  from  it  ? 

5l  I  do:  and  at  three  yards'  distance  nine  times  less  light; 
and  at  four  yards'  distance  you  will  have  sixteen  times  less 
light  than  you  would  were  you  within  a  yard  of  the  object.  I 
have  one  more  thing  to  tell  you :  light  always  moves  in  straight 
lines. 

J.  How  is  that  known  ? 

T.  Look  through  a  straight  tube  at  any  object,  and  the  rays  of 
light  will  flow  readily  from  it  to  the  eye ;  but  let  the  tube  be 
bent,  and  the  object  cannot  be  seen  through  it,  which  proves  that 
light  will  move  only  in  a  straight  line. 

This  is  plain  also  from  the  shadows  which  opaque  bodies 
cast;  for  if  the  light  did  not  describe  straight  lines,  there 
would  be  no  shadow.  Hold  any  object  in  the  light  of  the 
sun,  or  a  candle,  as  a  square  board  or  book,  and  the  shadow 
caused  by  it  proves  that  light  moves  only  in  right  or  straight 
lines;  for  the  space  immediately  behind  the  board  or  book  is 
in  shade. 

C,  Is  it  not  dark  there  ? 

T,  No,  not  ahsolutely  dark :  it  is  enlightened  in  some  degree 
by  rays  reflected  from  the  illuminated  space. 


CONVERSATION  II. 

0/  Bays  of  Light. —  0/  Reflection  and  Befraction. 

C.  You  talked,  the  last  time  we  met,  of  the  rays  of  light  flow- 
ing or  moving :  what  do  you  mean  by  a  ray  of  light  ? 

2\  We  must  first  think  what  light  itself  is.  Philosophers 
had  long  maintained  that  it  consisted  of  infinitely  small 
particles,  given  off  by  the  luminous  body;  but  this  theory  \s» 
fast  losing  ground,     it  is  the  general  oi^imon  hoh^^  \X^X.  V*^^ 
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is  the  result  of  undulatory  motions  impressed  upon  the  mmi' 
thing  or  the  nothing,  which  philosopers  call  the  ether,  that 
pervades  space.  So  that  a  ray  of  light  is  very  much  analogous  to 
the  wave  of  sound  ;  the  one,  however,  affecting  the  eye,  the  odier 
the  ear.  Now  light — or  more  properly  a  right  line  extending 
from  the  luminous  hody  to  the  limit  of  illumination — is  about 
eight  minutes  in  coming  from  the  sun  to  us  ;  then,  if  the  sun  were 
blotted  from  the  heavens,  we  should  actually  have  the  same 
appearance  for  eight  minutes  after  the  destruction  of  that  body  as 
we  now  have. 

J,  I  do  not  understand  how  we  could  see  a  thing  that  wouM 
not  exist. 

T,  You  do  not  ?  Throw  a  stone  in  the  water ;  it  is  now  at  the 
bottom,  and  as  a  source  of  waves  ceases  to  exist ;  but  the  last 
wave  has  not  yet  reached  the  shore.  And  so  it  is  with  light ;  the 
undulation,  once  given,  must  proceed  onwards ;  but  it  does  not 
follow  that  the  light  which  caused  the  undulation  should  so  act, 
as  it  were,  until  the  wave  reached  a  human  eye.  Remember, 
two  things  are  necessary  for  the  existence  of  light — an  undulatiou, 
and  an  eve  to  receive  it ;  if  either  of  them  is  wanting,  there  is  no 
light.  A  blind  man  has  no  idea  of  light;  the  best  notion  a 
certain  blind  man  had  of  scarlet,  after  long  teaching,  was,  that  it 
was  like  the  sound  of  a  trumpet, 

C,  Do  we  not  actually  see  the  body  itself? 

T,  No ;  we  see  the  light  emanating  from  it,  or  reflected  from  it 

J,  What  do  you  mean  by  being  reflected  f 

T,  If  I  throw  this  marble  sms^y  against  the  wainscot,  will  it 
remain  where  it  was  thrown? 

«7.  No  ;  it  will  rebound,  or  come  back  again. 

T,  What  you  call  rebounding,  writers  on  optics  denominate 
reflection.  When  a  body  of  any  kind,  whether  it  be  a  marble 
with  which  you  play,  or  a  wave  of  light,  strikes  against  a  surfeu^ 
and  is  sent  back  again,  it  is  said  to  be  reflected.  If  you  shoot  a 
marble  straight  against  a  board,  or  other  obstacle,  it  comes  back 
in  the  same  line,  or  nearly  so ;  Ijut  suppose  you  throw  it  sidewise, 
does  it  return  to  the  hand  ? 

C.  Let  me  see ;  I  will  shoot  this  marble  against  the  middle  of 
one  side  of  the  room  from  the  comer  of  the  opposite  side. 

J.  You  perceive  that,  instead  of  coming  back  into  your  hand,  it 
goes  off  to  the  other  comer  directly  opposite  to  the  place  from 
which  you  sent  it. 

T,  This  will  lead  lis  to  the  explanation  of  one  of  the  principal 
definitions  in  optics, — viz.  that  the  angle  of  reflection  is  always 
equal  to  the  angle  of  incidence.     You  know  what  an  angle  is  ?* 

*  See  Conversation  I. 
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C.  We  do ;  but  not  what  an  angle  of  vncideTice  is. 

T,  I  said  a  ray  of  light  was  a  wave,  or  undulation :  now  there 
are  incident  rays  and  reflected  rays. 

The  incident  rays  are  those  which /oZZ  on  the  surface  ;  and  the 
reflected  rays  are  those  which  are  sent  off  from  it. 

C.  Does  the  line  made  or  supposed  to  be  made  by  the  marble 
in  going  to  the  wainscot  represent  the  incident  TdLj^  and  in  going 
from  it  does  it  represent  the  reflected  ray  ? 

T.  It  does;  and  the  wainscot  may  be  called  the  reflecting 
surface. 

J,  Then  what  are  the  angles  of  incidence  and  reflection  ? 

T,  Suppose  you  draw  the  lines  on  which  the  marble  travelled, 
both  to  tne  wainscot  and  from  it  again. 

C.  I  will  do  it  with  a  piece  of  chalk  as  neariy  as  I  can. 

jP.  Now  draw  a  perpendicular*  from  the  point  where  the 
marble  struck  the  surface,  that  is,  where  your  ti^o  lines  meet. 

(7.  I  see  there  are  two  angles,  and  they  seem  to  be  equal. 

T.  We  cannot  expect  mathematical  precision  in  such  trials  as 
these  ;  but  if  the  experiment  were  accurately  made,  with  a  per- 
fectly elastic  substance,  the  two  angles  would  be  perfectly  equal : 
the  angle  contained  between  the  incident  ray  and  the  perpendicu- 
lar b  called  the  angle  of  incidence,  and  that  contained  between 
the  perpendicular  and  reflected  ray  is  called  the  angle  of  reflec- 
tion. 

J.  Are  these  in  all  cases  equal,  shoot  the  marble  as  you 
will? 

T,  They  are;  and  the  truth  holds  equally  with  the  rays  of 
light.  Both  of  you  stand  in  front  of  the  looking-glass.  You  see 
yourselves,  and  one  another  also ;  for  the  rays  of  light  flow  from 
you  to  the  glass,  and  are  reflected  back  again  in  the  same  lines. 
Now  both  of  you  stand  on  one  side  of  the  room.  What  do  you 
see? 

C.  Not  ourselves,  but  the  furniture  on  the  opposite  side. 

T,  The  reason  of  this  is,  that  the  rays  of  light,  flowing  from 
you  to  the  glass,  are  reflected  to  the  other  side  of  the  room. 

(7.  Then  if  I  go  to  that  part,  I  shall  see  the  rays  of  light  flow- 
ing from  my  brother :  and  I  do  see  him  in  the  glass. 

J.  And  I  see  Charles. 

T,  Now  the  rays  of  light  flow  from  each  of  you  to  the  glass, 
and  are  reflected  to  one  another :  but  neither  m  you  sees  him- 
self. 

C7.  No :  I  will  move  in  front  of  the  glass ;  now  I  see  myself, 

*  If  the  point  be  exactly  in  the  middle  of  one  side  of  the  room,  a  perpendicular 
is  readily  drawn  by  finding  the  middle  of  the  opposite  side,  and  joming  the  two 
points. 
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Fig.  1. 


but  not  my  brother ;  and  I  think  I  understand  the  subject  foy 
well. 

T.  Then  explain  it  to  me  by  a  figure,  which  you  may  dnwM 
the  slate. 

C.  Let  A  B  represent  the  looking-^lass :  if  I  stand  at  c,  tk 

rays  flow  from  me  to  the  g'lass,  and  are  re* 
fleeted  back  in  the  same  line,  because  not 
there  is  no  angle  of  incidence,  and  of  coone 
no  angle  of  reflection  ;  but  if  I  stand  at  2, 
then  the  rays  flow  from  me  to  the  glass,  bat 
they  make  the  angle  x  o  c,  and  therefoie 
they  must  be  reflected  in  the  line  o  y  sou 
to  make  the  angle  ^  o  c,  which  is  the  ani^ 
of  reflection,  equal  to  the  angle  a:  o  c.  And  if  James  stand  at  jf, 
he  will  see  me  at  x,  and  I  standing  at  x  shall  see  him  at  y, 

T,  The  same  thing  occurs  with  respect  to  every  plane  reflect- 
ing surface,  as  well  as  in  a  looking-glass ;  as  in  clear  water,  or  in 
highly  polished  steel,  mahogany,  &c.    . 

C,  Are  the  undulations,  which  produce  light,  rapid  ? 
T,  Yes  :  477  millions  of  millions  of  vibrations  must  occur  in  a 
second  to  produce  red  light ;  and  699  millions  of  millions  to  pro- 
duce violet.    The  waves  of  light  are  minute  beyond  imagination. 
There  are  39,180  waves  or  undulations  of  red  lieht  in  an  inch; 
and  57,490  of  violet  light,  the  extreme  violet  ray  has  2260  more 
waves  in  an  inch.     Ask  Emma  to  strike  the  middle  C  of  her 
piano ;  now,  if  that  string  were  bisected  40  times,  and  it  were 
possible  to  make  it  vibrate,  what  would  it  produce  ? 
E.  A  very  inaudible  sound,  surely. 
T,  No :  it  would  actually  produce  yellowish-green  light. 


CONVERSATION  III. 

Of  the  Refraction  of  Light, 

C.  If  glass  stops  the  rays  of  light,  and  reflects  them,  why  can- 
not I  see  myself  in  the  window  ? 

T.  It  b  the  silvering  on  the  glass  which  causes  the  reflection. 
No  glass,  however,  is  so  transparent,  but  it  reflects  some  rays: 
put  your  hand  to  within  three  or  four  inches  of  the  window,  and 
you  see  clearly  the  image  of  it. 

J.  So  I  do  ;  and  the  nearer  the  hand  is  to  the  glass,  the  more 
evident  the  image ;  but  it  is  formed  on  the  other  side  of  the  glass, 
and  beyond  it  too. 

T,  It  is ;  this  happens  also  in  looking-glasses ;  you  do  not  see 
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yourself  on  the  surface,  but  apparently  as  far  behind  the  glass  as 
you  stand  from  it  in  the  front. 

Whatever  matter  permits  the  rays  of  light  to  pass  through  it,  is 
called  a  medium.     Glass,  which  is  transparent,  is  a  medium ;  so 
also  are  air  and  water :  and  indeed  all  fluids  that  are  transparent 
are  called  Tnedia,  and  the  more  transparent  the  body,  the  more, 
perfect  is  the  medium. 

C,  Do  the  rays  of  light  pass  through  these  in  a  straight  line  ? 

T,  They  do  ;  but  if  they  enter  it  at  an  angle  they  do  not  pass 
through  in   precisely  the  same  direction  in  which  they  were 
moving,  before   they  entered   it.     They  are   hent  out  of  their 
former  course,  and  this  is  called 
refraction, 

J,  Can   you    explain  this  term 
more  clearly  ? 

T,  Suppose  A  B  to  be  a  piece  of 
glass  two  or  three  inches  thick,  and 
a  ray  of  light,  s  a,  to  fall  upon  it  at 
a ;  it  will  not  pass  through  in  the 
direction  s  s,  but  when  it  comes  to  a, 
it  will  be  bent  towards  the  perpen- 
dicular a  2>,  and  go  through  the  glass 
in  the  course  ax;  and  when  it  comes  into  the  air,  it  will  pass  on 
in  the  direction  x  z,  which  is  parallel  to  s  s. 

C,  Does  this  happen  if  the  ray  fall  perpendicularly  on  the  glass 
at  p  a? 

T,  In  that  case  there  is  no  refraction,  but  the  ray  proceeds  in 
its  passage  through  the  glass,  precisely  in  the  same  direction  as  it 
did  before  it  entered  it,  namely,  in  the  direction  p  6. 

J,  Refraction,  then,  takes  place  only  when  the  rays  fall  ob- 
liquely or  slantwise  on  the  medium  ? 

T.  Just  so :  rays  of  light  may  pass  out  of  a  rare  into  a  dense 
medium,  as  from  air  into  water  or  glass ;  or  they  may  pass  from  £l 
dense  medium  into  a  rare,  as  from  water  into  air. 

C,  Are  the  effects  the  same  in  both  cases  ? 

T,  They  are  not ;  and  I  wish  you  to  remember  the  difference. 
When  light  passes  out  of  a  rare  into  a  dense  medium,  it  is 
drawn  to  the  perpendicular :  thus  if  s  a  pass  from  air  into  glass,  it 
moves,  in  its  passage  through  it,  in  the  line  a  x,  which  is  nearer  to 
the  perpendicular  p  h  than  the  line  a  s,  which  was  its  first  direction. 

But  when  a  ray  passes  from  a  dense  into  a  rare  medium,  it 
moves  in  a  direction  farther  from  the  perpendicular ;  thus  if  the 
ray  x  a  pass  through  glass  or  water  into  air,  it  will  not,  when  it 
comes  to  a,  move  in  the  direction  a  m,  but  in  the  line  a  s,  which 
is  farther  than  a  m  from  the  perpendicular  a  p. 
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J,  Can  you  show  us  any  experiment  in  proof  of  this  ? 

T,  Yes,  I  can :  here  is  a  common  earthen  pen,  on  the  bottom 
of  which  I  will  lay  a  shilling,  and  will  ^ten  it  with  a  piece  of 
soft  wax,  so  that  it  shall  not  move  from  its  place,  while  I  pour 
in  some  water.  Stand  back,  till  you  just  lose  sight  of  the 
shilling:. 

/.  The  side  of  the  pan  completely  hides  the  sight  of  the  money 
from  me. 

jP.  I  will  pour  in  a  pitcher  of  clear  water. 

J,  I  now  see  the  shilling ;  how  is  this  to  be  explained  ? 

T,  Look  to  the  last  figure,  and  conceive  your  eye  to  be  at  8, 
a  5  the  side  of  the  pan,  and  the  piece  of  money  to  be  at  a? ;  now, 
"when  the  pan  is  empty,  the  rays  of  light  flow  from  cc,  in  the  di- 
rection X  ami  but  your  eye  is  at  s,  of  course  you  cannot  see  any- 
thing by  the  ray  proceeding  along  x  am.  As  soon  as  I  put  the 
water  into  the  vessel,  the  rays  of  light  proceed  from  x  to  a,  but 
there  they  enter  from  a  dense  to  a  rare  medium  ;  and  therefore, 
instead  of  moving  in  a  7»,  as  they  did  when  there  was  no  water, 
they  will  be  bent  from  the  perpendicular,  and  will  come  to  your 
eye  at  s,  as  if  the  shilling  were  situate  at  n. 

J,  And  it  does  appear  to  me  to  be  at  n. 

T,  Remember  what  I  am  going  to  tell  you,  for  it  is  a  sort  of 
axiom  in  optics:  "We  see  everything  in  the  direction  of  that 
line  of  which  the  rays  approach  us  last."  Which  may  be  thus 
illustrated  :  I  place  a  candle  before  the  looking-glass,  and  if  you 
stand  also  before  the  glass,  the  image  of  the  candle  appears 
behind  it ;  but  if  another  looking-glass  be  so  placed  as  to  receive 
the  reflected  rays  of  the  candle,  and  you  stand  before  this  second 
glass,  the  candle  will  appear  behind  that ;  because  the  mind 
transfers  every  object  seen  along  the  line  in  which  the  rays  come 
to  the  eye  last. 

C,  If  the  shilling  were  not  moved  by  the  pouring  in  of  the 
water,  I  do  not  understand  how  we  could  see  it  afterwards. 

T.  But  you  do  see  it  now  at  the  point  w,  or  rather  at  the  little 
dot  just  above  it,  which  is  an  inch  or  two  from  the  place  where  it 
was  fastened  from  the  bottom,  and  from  which,  you  may  convince 
yourself,  it  has  not  moved. 

J,  I  should  like  to  be  convinced  of  this.  Will  you  make  the 
experiment  again,  that  I  may  be  satisfied  of  it  ? 

T,  You  may  make  it  as  often  as  you  please,  and  the  eflect  will 
always  be  the  same  ;  but  you  must  not  imagine  that  the  shilling 
only  will  appear  to  move,  the  bottom  of  the  vessel  seems  IeJso  to 
change  its  place. 
«/.  It  appears  to  me  to  be  raised  higher  as  the  water  is  poured  in. 

T,  I  trust  you  are  satisfied  by  this  experiment ;  but  I  can  shew 
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Fig.  3. 


you  another  equally  convincing ;  but  for  this  we  stand  in  need  of 
the  sun. 

Take  an  empty  vessel,  a,  a  common  pan  or 
basin  will  answer  the  purpose,  into  a  dark  room, 
having  only  a  very  small  hole  in  the  window- 
shutter  ;  so  place  the  basin  that  a  ray  of  light  s  s 
shall  fall  upon  the  bottom  of  it  at  a;  here  I 
make  a  small  mark,  and  then  fill  the  basin  with 
water.     Now  where  does  the  ray  fall  ? 

J.  Much  nearer  to  the  side  at  b, 

T,  I  did  not  move  the  basin,  and  therefore 
could  have  had  no  power  in  altering  the  course 
of  the  light. 

(7.  It  is  very  clear  that  the  ray  was  refracted  by  the  water  at  «, 
and  I  see  that  the  effect  of  refraction,  in  this  instance,  has  been  to 
draw  the  ray  nearer  to  a  perpendicular,  which  may  be  conceived 
to  be  the  side  of  the  vessel. 

T,  The  same  thing  may  be  shown  with  a  candle  in  a  room 
otherwise  dark.  Let  it  stand  in  such  a  manner  that  the  shadow 
of  the  side  of  a  pan  or  box  may  fall  somewhere  at  the  bottom  of 
it ;  mark  the  place,  and  pour  in  water,  and  the  shadow  will  not 
then  fall  so  far  from  the  side.  For  in  this  case,  the  rays  of  light 
pass  out  of  air,  which  is  a  rare  medium,  into  water,  which  is  a 
denser  medium,  and  are  accordingly  drawn  nearer  to  the  perpen- 
dicular. 

J.  Do  all  media  refract  equally  ? 

T.  No.  There  is  a  great  difference  in  the  refracting  index,  as 
it  is  termed,  of  bodies.     Vacuum  being  reckoned  as  1*0, — 
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These  numbers  refer  to  a  certain  trigonometrical  relation  exist- 
ing between  the  angle  of  incidence,  s  a  a,  and  the  angle  of  reflec- 
tion, X  a  6,  fig.  2.  The  absolute  refracting  power  estimated  in 
proportion  to  the  specific  gravity  of  bodies  is  found  greatest  in 
combustible  bodies. 
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And  it  was  this  fact  which  led  Sir  Isaac  Newton  to  suspect  that 
the  diamond  was  a  combustible  body,  which  experiment  has  now 
demonstrated.     It  is  carbon,  or  charcoal. 


CONVERSATION  IV. 

Of  the  Reflection  and  Refraction  of  Light, 

T,  We  will  now  proceed  to  some  farther  illustrations  of  the 
laws  of  reflection  and  refraction.  We  shut  out  all  the  light 
except  the  ray  that  comes  in  at  the  small  hole  in  the  shutter. 
At  the  bottom  of  this  basin,  where  the  ray  of  light  falls,  I  lay 
this  piece  of  looking-glass ;  and  if  the  water  be  rendered  in  a 
small  degree  opaque  by  mixing  with  it  a  few  drops  of  milk,  and 
the  room  be  filled  with  dust  by  sweeping  a  carpet,  or  any  other 
means,  then  you  will  see  the  refraction  which  the  ray  from  the 
shutter  undergoes  in  passing  into  the  water,  the  reflection  of  it 
at  the  surface  of  the  looking-glass,  and  the  refraction  which  takes 
place  when  the  ray  leaves  the  water,  and  passes  again  into  the 
air. 

J.  Does  this  refraction  take  place  in  all  kinds  of  glass  ? 
T.  It  does ;  but  where  the  ^lass  is  very  thin,  as  in  window 
glass,  the  deviation  is  so  small  that  it  is  generally  overlooked. 
You  may  now  understand  why  the  oar  in  the  water  appears  bent, 
though  it  is  really  straight ;  for  suppose  a  b  represents  water,  and 
fn  ax  the  oar ;  the  image  of  the  part  a  z  in  the  water  will  lie 

above  the  object,  so  that  the 
oar  will  appear  in  the  shape 
7n  an,  instead  of  m  a  z.  On 
this  account,  also,  a  fish  in 
the  water  appears  nearer  the 
surface  than  it  actually  is, 
and  a  marksman  shooting  at 
^g*  ^'  it  must  aim  below  the  juace 

which  it  seems  to  occupy. 

C,  I  see  that  we  cannot  judge  of  distances  so  well  in  water  as 
in  air.  And  I  am  sure  we  cannot  of  magnitude  ;  for,  in  looking 
through  the  sides  of  a  globular  glass  at  some  gold  fish,  I  thought 
them  very  large  ;  but  if  I  looked  down  upon  them  from  the  top, 
they  appeared  very  much  smaller. 

T,  Here  the  convex  or  round  shape  of  the  glass  becomes  a 
magnifier,  the  reason  of  which  will  be  explained  presently.  A 
fish  will,  however,  look  larger  than  it  really  is  in  water.  I  will 
show  you  another  experiment,   which    depends  on  refiraction. 
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Here  is  a  glass  goblet  two-thirds  full  of  water ;  I  throw  in  a 
shilling,  and  place  a  plate  on  the  top,  and  turn  it  quickly  over, 
that  the  water  may  not  escape.     What  do  you  see  ? 

C,  There  seems  certainly  a  half-crown  lying  on  the  plate,  and 
a  shilling  appears  to  be  swimming  above  it  in  Ae  water. 

T,  Apparently,  indeed ;  but  it  is  a  deception,  which  arises  from 
your  seeing  the  piece  of  money  in  two  directions  at  once,  viz., 
through  the  conical  surface  of  the  water  at  the  side  of  the  glass, 
and  through  the  flat  surface  at  the  top  of  the  water.  The  conical 
surface,  as  was  the  ease  with  the  globular  one  in  which  the  fish 
were  swimming,  magnifies  the  money ;  but  by  the  flat  surface  the 
rays  are  only  refracted,  on  which  account  the  money  is  seen 
higher  up  in  the  glass,  and  ofits  natural  size,  or  nearly  so. 

J,  If  I  look  sidewise  at  the  money,  I  only  see  the  large  piece  ; 
and,  if  only  at  top,  I  see  it  in  its  natural  size  and  state. 

C.  Look  again  at  the  fish  in  the  glass,  and  you  will  see  through 
the  round  part  two  very  large  fish,  and  seeing  them  from  the 
upper  part,  they  appear  of  their  natural  size ;  the  deception  is  the 
same  as  with  the  shilling  in  the  goblet. 

T,  The  principle  of  refraction  is  productive  of  some  very  im- 
portant effects.  Thus  the  sun,  every  clear  morning,  is  seen 
several  minutes  before  he  comes  to  the  horizon,  and  as  long  after 
when  he  sinks  beneath  it  in  the  evening. 

C,  Then  the  days  are  longer  than  they  would  be,  if  there 
was  no  such  a  thing  as  refraction.  Will  you  explain  how  this 
happens  ? 

T,  I  will.  You  know  we  are  surrounded  with  an  atmosphere 
of  sufficient  density  to  refract  the  rays  of  light,  extending  to 
above    the    height    of   forty-five    miles.  ^^ 

Now  the  dotted  part  of  this  diagram  re-  ^   ^'!sAf«» 

presents  that    atmosphere.      Suppose    a  |   .•*  .-^ 

spectator  stand  at  s,  and  the  sun  to  be  at  '•/*«' 

a ;  if  there  were  no  refraction,  the  person      j^j^^^M^ "^ 

at  s  would  not  see  the  rays  of  the  sun  till    J^^^^^^^^^     " 
he  were  situate  with  regard  to  the  sun  in  * *.. 

a  line  8  x  a;  because,  when  it  was  below  ^^ 

the  horizon,  at  &,  the  rays  would  pass  by  Fig.  6. 

the   earth   in  the  direction  b  x  z;  but, 

owing  to  the  atmosphere  and  its  refracting  power,  when  the  rays 
from  b  reach  ic,  they  are  bent  towards  the  perpendicular,  and 
carried  to  the  spectator  at  s. 

J,  Will  he  really  see  the  image  of  the  sun  while  it  is  below  the 
horizon  ? 

T,  He  will ;  for  it  is  easy  to  calculate  the  moment  when  the 
sun  should  rise  and  set,  and,  if  that  be  compared  with  exact  obaer- 
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vation,  it  will  be  found  that  the  image  of  the  sun  is  seen  sooner 
or  later  than  this,  by  several  minutes  every  clear  day. 

G,  Are  we  subject  to  the  same  kind  of  deception  when  the  sun 
is  actually  above  the  horizon  ? 

T,  We  are  always  subject  to  it  in  these  latitudes,  for  the  sun  is 
never  in  that  place  in  the  heavens  where  he  appears  to  be. 

J.  Why  in  these  latitudes  particularly  ? 

T.  Because  with  us  the  sun  is  never  in  the  zenWij  i,  or 
directly  over  our  heads ;  and  in  that  situation  alone  hb  tme  pbos 
in  the  heavens  is  the  same  as  his  apparent  place. 

C.  Is  that  because  there  is  no  refraction  when  the  raysM 
perpendicularly  on  the  atmosphere  ? 

T.  It  is  ;  but  when  the  sun  is  at  m,  in  the  last  figure,  his  np 
will  not  proceed  in  a  direct  line  m  o  8,  but  will  be  bent  out  of 
their  course  at  o,  and  go  in  the  direction  o  s,  and  the  spedater 
will  ima^ne  he  sees  the  sun  in  the  line  of  s  o  n, 

C.  What  makes  the  moon  look  so  much  larger,  when  it  is  just 
above  the  horizon,  than  when  it  is  higher  up  ? 

T.  The  thickness  of  the  atmosphere,  when  the  moon  is  near  tiw 
horizon,  renders  it  less  bright  than  when  it  is  higher  up,  wfaich 
leads  us  to  suppose  it  is  farther  off  in  the  former  case  than  in  the 
latter ;  and,  because  we  imagine  it  to  be  farther  from  us,  we  tab     ; 
it  to  be  a  larger  object  than  when  it  is  higher. 

It  is  owing  to  the  atmosphere  that  the  heavens  appear  bri^ 
in  the  daytime.  Without  any  atmosphere  only  that  part  of  ihe 
heavens  would  appear  luminous  in  which  the  sun  is  seen ;  in  dot 
case,  if  we  could  live  without  air,  and  should  stand  with  our  bicb 
to  the  sun,  the  whole  heavens  would  appear  as  dark  as  n%iit 
We  cannot,  therefore,  too  highly  estimate  the  importance  of 
an  atmosphere  that  affords  those  reflections  and  refractioiis  of 
light,  which  shed  lustre  over  surrounding  objects,  and  which  form 
pleasing  transitions  from  darkiiess  to  day,  and  from  day  to  nigfat, 
by  means  of  twilight. 

The  particles  of  light  from  the  sun  travel  in  immense  Tepans 
of  complete  darkness,  till  they  arrive  at  the  atmospheres  of  the 
several  planets  and  satellites,  when  their  passage  through  those 
atmospheres,  by  direct  motion,  reflection,  and  refraction,  gives 
occasion  to  the  manifestation  of  light,  and  all  its  beauteous, 
striking,  and  useful  modifications. 


CONVERSATION  V. 

Defin.itiont.—  Of  Hk  different  kinds  of  Lenses.— 0/ Mr.  PuTker'i 
BuTfiing  Lens,  and  ilie  effects  produced  by  it. 

T.  I  must  claim  your  attention  to  ft  few  other  definitions ;  the 
knowledge  of  which  will  be  wanted  as  we  proceed. 

A  pencil  of  rayi  ia  bdv  number  that  proceeds  from  a  point. 

Parallel  rays  are  such  aa  always  move  at  the  same  distance 
from  each  other. 

C.  That  is  something  like  the  definition  of  paroUd  linu.* 
But,  when  you  admitted  the  rays  of  li^t  through  the  small  hole 
in  ti)e  shutter,  they  did  not  seem  to  flow  Irom  that  point  in 
parallel  lines,  but  to  recede  from  each  other  in  proportion  to  th^ 
distance  from  that  point. 

T.  They  did ;  and  when  they 
do  thus  recede  from  each  other 
as  in  this  ligure,  from  c  to  c  (f, 
then  they  are  said  to  diverge. 
But  if  they  continually  approach 
towards  each  other,  as  in  moving 
from  c  d  \o  c,  they  are  said  to 
tanverge. 

^  J.  What  does'  the  dail  part  of 
this  figure  represent  ? 

T.  It  represents  a  glass  lens,  of  which  there  are  s 

C  How  do  you  deaciibe  a  lens  ? 

T.  A  lent  is  a  glass  ground  in  such  a  form  a 
disperse  the  rays  of  light  which  pass  through  it. 
dinerent  shapes,  from  which  they  take  their  nam* 
represented  here  in  one  view,    a  b  such  a  one  i 


last  figure,  and  it  is  called  a  plano-convex,  because  one  side  is 
flat  and  the  other  convex ;  b  is  a  plano-cimcave, — one  side  being 
fiat,  and  the  other  concave;  c  is  a  douhU  convex  fens,  because 
both  sides  arc  convoi ;  n  is  a  double  concave,  because  lx)lh  udes 
*  FubIM  Ham  m  thow^  nUeh,  being  luBnltelj  ettxoAiA,  umts  lon^ 
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are  concave ;  and  b  is  called  a  meniscus^  being  convex  on  one 
side,  and  concave  on  the  other ;  of  this  kind  are  all  watch 
glasses. 

/.  I  can  easily  conceive  diverging  rays,  or  rays  proceeding 
from  a  point ;  but  what  is  to  make  them  converge,  or  come  to  a 
point? 

T.  Look  again  to  fig.  6. ;  now  a  h  m,  &c.  represent  parallel 
rays,  fallins:  upon  c  c?,  a  convex  surface,  of  glass,  for  instance, 
all  of  which,  except  the  middle  one,  fall  upon  it  obliquely,  and, 
according  to  what  we  saw  yesterday,  will  be  refracted  towards 
the  perpendicular. 

C.  And  I  suppose  they  will  all  meet  in  a  certain  point  in  that 
middle  line. 

T,  That  point  c  is  called  the  focus:  the  dark  part  only  of  this 
figure  represents  the  glass,  as  c  d  n. 

C.  Have  you  drawn  the  circle  to  show  the  exact  curve  of  the 
different  lenses  ? 

2\  Yes :  and  you  see  that  parallel  rays  falling  upon  a  piano* 
convex  lens  meet  at  a  point  behind  it,  the  distance  of  which,  from 
the  middle  of  the  glass,  is  exactly  equal  to  the  diameter  of  the 
sphere  of  which  the  lens  is  a  portion. 

J.  And  in  the  case  ofa.douhle  convex j 
is  the  distance  of  the  focus  of  parallel 
rays  equal  only  to  the  radius  of  the 
sphere  V 

T,  It  is;  and  you  see  the  reason  of 

it  immediately ;  for  two  concave  surfaces 

have  double  the  effect  of  a  single  one  in 

refracting    rays :    the    latter    bringing 

'^'  ^*  them  to  a  focus  at  the  distance  of  the 

diameter,  the  former  at  half  that  distance,  or  the  radius. 

C.  Sometimes,  perhaps,  the  two  sides  of  the  same  lens  may 
have  different  curves :  what  is  to  be  done  then  ? 

2\  If  you  know  the  radii  of  both  the  curves,  the  following  rule 
will  give  you  the  answer. 

"  As  the  sum  of  the  radii  of  both  curves  or  convexities  is  to  the 
the  radius  of  either,  so  is  double  the  radius  of  the  other  to  the 
distance  of  the  focus  from  the  middle  point." 

J.  Then  if  one  radius  be  four  inches,  and  the  other  three 
inches,  I  say,  as  4  +  3 :  4  : :  6 :  ^7*  =  3|,  or  to  nearly  three  inches 
and  a  half. 

I  saw  an  old  sailor  lighting  his  pipe  yesterday  by  means  of  the 
sun's  rays  and  a  glass ;  was  that  a  double  convex  lens  ? 

T.  I  dare  say  it  was;  and  you  now  see  the  reason  of  that 
which  then  you  could  not  comprehend  :  all  the  rays  of  the  sun 
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that  fall  on  the  surface  of  the  glass  in  the  last  figure  are  collected 
in  the  point  /,  which,  in  this  case,  may  represent  the  tobacco  in 
the  pipe. 

C.  How  do  you  calculate  the  heat  which  is  collected  in  the 
focus  ? 

T.  The  force  of  the  heat  collected  in  the  focus  is  in  proportion 
to  the  common  heat  of  the  sun,  as  the  area  of  the  glass  is  to  the 
area  of  the  focus :  of  course,  it  may  be  a  hundred  or  even  a  thou- 
sand times  greater  in  the  one  case  than  in  the  other. 

J,  Have  I  not  heard  you  say  that  Mr.  Parker,  of  Fleet  Street, 
made  a  very  large  lens,  which  he  used  as  a  burning-glass  ? 

T,  He  formed  one  three  feet  in  diameter,  and  when  fixed  in 
the  frame,  it  exposed  a  clear  surface  of  more  than  two  feet  eight 
inches  in  diameter,  and  its  focus,  by  means  of  another  lens,  was 
reduced  to  a  diameter  of  half  an  inch.  The  heat  produced  by 
this  was  so  great,  that  iron  plates  were  melted  in  a  few  seconds  ; 
tiles  and  slates  became  red-hot  in  a  moment,  and  were  vitrified, 
or  changed  into  glass ;  sulphur,  pitch  and  other  resinous  bodies, 
were  melted  under  water  :  wood  ashes,  and  those  of  other  vege- 
table substances,  were  turned  in  a  moment  into  transparent  glass. 

C,  Would  the  heat  produced  by  it  melt  iall  the  metals  ? 

T.  It  would  :  even  gold  was  rendered  fluid  in  a  few  seconds : 
notwithstanding,  however,  this  intense  heat  at  the  focus,  the 
finger  might,  without  the  smallest  injury,  be  placed  in  the  cone  of 
rays  within  an  inch  of  the  focus. 

J,  There  was,  however,  I  should  suppose,  some  risk  in  this 
experiment,  for  fear  of  bringing  the  finger  too  near  the  focus  ? 

T,  Mr.  Parker's  curiosity  led  him  to  try  what  the  sensation 
would  be  at  the  focus ;  and  he  describes  it  like  that  produced  by 
a  sharp  lancet,  and  not  at  all  similar  to  the  pain  produced  by  the 
heat  of  fire  or  a  candle.  Substances  of  a  white  colour  were  diffi- 
cult to  be  acted  upon.   • 

(7.  I  suppose  he  could  cause  water  to  boil  in  a  very  short  time 
with  the  lens  ? 

T,  If  the  water  be  very  pure,  and  contained  in  a  clear  glass 
decanter,  it  will  not  be  warmed  by  the  most  powerful  lens.  But 
a  piece  of  wood  may  be  burned  to  a  coal,  when  it  is  contained  in 
a  decanter  of  water. 

J,  Will  not  the  heat  break  the  glass  ? 

T,  It  will  scarcely  warm  it ;  if,  however,  a  piece  of  metal  be 
put  in  the  water,  and  the  point  of  rays  be  thrown  on  that,  it  will 
communicate  heat  to  the  water,  and  sometimes  make  it  boil.  The 
same  efiect  will  be  produced  if  there  be  some  ink  thrown  into  the 
water. 

If  a  cavity  be  made  in  a  piece  of  charcoal,  and  the  substance  ^ 
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be  acted  on  is  put  in  it,  the  effect  produced  by  the  lens  will  be 
much  increased.  Any  metal  thus  inclosed  melts  in  a  moment,  tlie 
fire  sparkling  like  that  of  a  forge  to  which  the  blast  of  a  beUom 
is  applied. 

6'.  Cannot  the  same  effects  be  produced  by  a  concave  numv^ 

T,  Every  concave  mirror,  or  speculum,  whether  made  of  g^ 

or  metal,  collects  the  rays,  dispersed  through  the  whole  concavitjr, 

after  reflection,  into  a  point  or  focus,  and  is  therefore  a  bomiag 

mirror. 

The  ancients  made  use  of  concave  mirrors  to  rekindle  fbe 
Vestal  fires.  Plutarch  says,  that  they  employed  for  that  parpen 
vKa^fia  or  dishes.  They  were,  most  probably,  hollow  •hemi8pli&' 
rical  vessels,  finely  polished  within.  Such  vessels,  placed  m)f»- 
site  the  sim,  would  collect  its  rays  into  a  focus,  at  half  the  raoins; 
where  the  Vestal  virgins  holding  the  combustible  matter,  for  a 
short  time,  would  bring  it  away  burning. 


CONVERSATION  VI. 

Of  ParaUel  Rays, — Of  Diverging  and  Converging  Rays. — Of  tt« 

Fociis  and  Focal  Distances, 

C,  I  have  been  looking  at  the  figures  6  and  8,  and  see  that  the 
rays  falling  upon  the  lenses  are  parallel  to  one  another ;  aie  die 
sun's  rays  parallel  ? 

T,  They  are  considered  so ;  but  you  must  not  suppose  that  all 
the  rays  that  come  from  the  surface  of  an  object,  as  the  sun,  or 
any  other  body,  to  the  eye,  are  parallel  to  each  other,  but  it  must 

be  understood  of  those  rays 
only  which  proceed  from  a 
single  point.  Suppose  s  to 
be  the  sun,  the  rays  whidi 
pj    g  ^  proceed  from  a  single  point  A 

do  in  reality  form  a  cone,  the 
hose  of  which  is  the  pupil  of  the  eye,  and  its  height  is  the  dis- 
tance from  us  to  the  sun. 

But  the  breadth  of  the  eye  is  nothing  when  compared  to  a  line 
ninety-five  millions  of  miles  long. 

If  now  we  take  a  ray  from  the  point  a,  and  another  from  c,  on 
opposite  points  of  the  snn*s  disc,  they  will  form  a  sensible  angle 
at  the  eye ;  and  it  is  from  this  angle  a  b  c  that  we  judge  of  the 
apparent  size  of  the  sun. 

J,  If  there  be  nothing  to  receive  the  rays  (Fig.  8.)  at/,  would 
they  cross  one  another  and  diverge  ? 
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Fig.  10. 


T.  Certainly,  in  the  same  manner  as  they  converge  in  coming 
to  it ;  and  if  another  glass,  f  g,  of  the  same  convexity  as  d  e,  be 
placed  in  the  rays  at  the  same  distance  from  the  focus,  it  will  so 
refract  them  that,  after  going  out  of  it,  they  will  be  parallel,  and 
proceed  on  in  the  same  manner  as  they  came  to  the  first  glass. 

C  There  is,  however,  this  difference ;  all  the  rays,  except  the 
middle  one,  have  changed  sides. 

T,  You  are  right ;  the  ray  b,  which  entered  at  bottom,  goes 
out  at  the  top  b;  and  a,  which  entered  at  the  top,  goes  out  at  the 
bottom  c,  and*  so  of  the  rest. 

If  a  candle  be  placed  at  /,  the  focus  of  the  convex  glass,  the 
diverging  rays  in  the  space  f/g,  will  be  so  refracted  by  the  glass 
that  after  going  out  of  it,  they  will  become  parallel  again. 

J,  What  will  be  the  effect  if  the  candle  be  nearer  to  the  glass 
than  the  point/? 

T,  In  that  case,  as  if  the  candle  be  at 
ffj  the  rays  will  diverge  after  they  have 
passed  through  the  glass,  and  the  diver- 
gency will  be  greater  or  less  in  propor- 
tion as  the  candle  is  more  or  less  distant 
from  the  focus. 

C.  If  the  candle  be  placed  farther 
from  the  lens  than  the  focus  /,  will  the 
rays  meet  in  a  point  after  they  have 
passed  through  it  ? 

T.  They  will :  thus,  if  the  candle  be 
placed  at  g,  the  rays,  after  passing  the 
lens,  will  meet  at  x ;  and  tnis  point  x 
will  be  more  or  less  distant  from  the 
glass,  as  the  candle  is  nearer  to,  or  far- 
ther from  its  focus.  Where  the  rays  meet,  they  form  an  inverted 
image  of  the  flame  of  the  candle. 

J.  Why  so  ? 

T.  Because  that  is  the 
point  where  the  rays,  if 
they  are  not  stopped, 
cross  each  other :  to  sa- 
tisfy you  on  this  head, 
I  will  hold  in  that  point 
a  sheet  of  paper,  and  you 
DOW  see  that  the  flame  of 
the  candle  is  inverted. 

J,  How  is  this  ex- 
plained ? 

T.  Let  ABC  represent 
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an  arrow  placed  beyond  the  focus  f,  of  a  double  convex  lens  d 
e  /,  some  rays  will  flow  from  every  part  of  the  arrow,  and  Ml  ob 
the  leas ;  but  we  shall  consider  only  those  that  flow  from  the 
points  ▲  B  and  c.  The  rays  which  come  from  ▲,  as  ▲  c^  a  e, 
and  A  /,  will  be  refracted  by  the  lens,  and  meet  in  a  ;  thoee  that 
come  irom  b,  as  b  c?,  b  e,  and  b/,  will  unite  in  & ;  and  thoee  which 
come  from  c  will  unite  in  c. 

C,  I  see  clearly  how  the  rays  from  b  are  refracted  and  unite 
in  b ;  but  it  is  not  so  evident  with  regard  to  those  from  the  ex- 
tremities A  and  c. 

T.  I  admit  it ;  but  you  must  remember  the  difiiculty  coosisti  in 
this,  the  rays  fall  more  obliquely  on  the  glass  from  those  poioti 
than  from  the  middle,  and  therefore  the  refraction  is  very  different 
The  ray  b  7  in  the  centre  suffers  no  refraction,  b  (2  is  refracted 
into  h,  and  if  another  ray  went  from  n,  as  v  d,  it  would  be  re- 
fracted to  Uj  somewhere  between  b  and  a,  and  the  rays  from  A 
must,  for  the  same  reason,  be  refracted  to  a. 

J.  If  the  object  a  b  c  is  brought  nearer  to  the  glass,  will  the 
picture  be  removed  to  a  greater  distance  ? 

T,  Yes :  for  then  the  rays  will  fall  more  diverging  upon  the 
glass,  and  cannot  be  so  soon  collected  into  the  corresponchng 
points  behind  it. 

0,  From  what  you  have  said,  I  see  that  if  the  object  a  b  c  be 
placed  in  f,  the  rays,  after  refraction,  will  go  out  parallel  to  one 
another;  and  if  brought  nearer  to  the  glass  than  p,  then  they 
will  diverge  from  one  another,  so  that  in  neither  case  will  an 
image  be  formed  behind  the  lens. 


CONVERSATION  VH. 

Images  of  Objects  inverted. — Of  the  Scioptric  BaU.^—Of  Lenses 

and  their  Foci, 

J,  Will  the  image  of  a  candle,  when  received  through  a  convex 
lens,  be  inverted  ? 

T,  It  will,  as  you  shall  see.  There  is  no  light  in  this  room  but 
from  the  candle,  the  rays  of  which  pass  through  a  convex  lens, 
and,  by  holding  a  sheet  of  paper  in  a  proper  place,  you  will  tee  a 
complete  inverted  image  of  the  candle  on  it. 

An  object  seen  through  a  very  small  aperture  appears  also 
inverted  ;  but  it  is  very  imperfect  compared  to  an  image  formed 
with  a  lens  ;  it  is  faint  for  want  of  light,  and  it  is  confuted  be- 
cause the  rays  interfere  with  one  another. 

(7.  What  is  the  reason  of  its  being  inverted  ? 
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T.  Because  the  rays  from  the  extreme  parts  of  the  object  must 
cross  at  the  hole.  If  you  look  through  a  very  small  hole  at  any 
object,  the  object  appears  magiiified.  Make  a  pin-hole  in  a  sheet  of 
brown  paper,  and  look  through  it  at  the  small  print  of  this  book. 

J,  It  is,  indeed,  very  much  magnified. 

T,  As  an  object  approaches  a  convex  lens,  its  image  departs 
from  it ;  and  as  the  object  recedes,  its  image  advances.  Make  the 
experiment  with  a  candle  and  a  lens,  properly  mounted,  in  a  long 
room.  When  you  stand  at  one  end  of  tne  room,  and  throw  the 
image  on  the  opposite  wall,  the  image  is  large,  but  as  you  come 
nearer  to  the  wall  the  image  is  small,  and  the  distance  between  the 
candle  and  the  glass  is  very  much  increased. 

I  will  now  show  you  an  instrument  called  a  Scioptric  BaU, 
which  is  fastened  into  a  window -shutter  of  a  room  from  which  all 
light  is  excluded  except  what  comes  in  through  this  glass. 

(7.  Of  what  does  this  instrument  consist  ? 

T,  Of  a  frame  a  b  and  a  ball  of  wood  o,  in  which 
is  a  glass  lens  ;  and  the  ball  moves  easily  in  the  frame 
in  all  directions,  so  that  the  view  of  any  surrounding 
objects  may  be  received  through  it.  This  instrument 
is  sometimes  called  an  artificial  eye.  Well,  we  will 
now  place  the  screen  properly,  and  turn  the  ball  to  the 
garden.  Here  you  see  all  the  objects  perfectly  ex- 
pressed, but  they  are  all  inverted. 

(7.  You  have  shown  us  in  what  manner  the  rays  of 
light  are  refracted  by  convex  lenses  when  those  rays  are  parallel. 
Win  there  not  be  a  difference  if  the  rays  converge  or  diverge  before 
they  enter  the  lens  ? 

T.  Certainly.  If  rays  converge  before  they  enter  a  convex  lens, 
they  will  be  collected  at  a  point  nearer  to  the  lens  than  the  focus 
of  parallel  rays.  But  if  they  diverge  before  they  enter  the  lens, 
they  will  then  be  collected  in  a  point  beyond  the  focus  of  parallel 
rays. — ^There  are  concave  lenses  as  well  as  convex,  and  the  re- 
fraction which  takes  place  by  means  of  these  diffiers  from  that 
which  I  have  already  explained. 

C  What  will  the  effect  of  refraction  be,  when  parallel  rays 
fall  upon  a  double  concave  lens  ? 

T,  Suppose  the  parallel  rays  abed, 
&c.,  pass  through  the  lens  a  b,  they 
will  diverge  after  they  have  passed  f. 
through  the  glass.  c 

J,  Is  there  any  rule  for  ascertain-  ^l 
ing  the  degree  of  divergency  ? 

T,  Yes,   it  will   be   precisely  so 
much  as  if  the  rays  had  come  from 


Fig.  13. 


Fig.  14. 
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a  radiant  point  x,  which  is  the  centre  of  the  cavity  of  the 
glass. 

C,  Is  that  point  called  the  focus  ? 

T.  It  is  called  the  virttuil  or  imaginary  focus. 

J.  Suppose  the  lens  had  been  concave  only  on  one  side,  and 
the  other  side  had  been  flat ;  how  would  the  rays  have  diverged? 

T,  They  would  have  diverged  after  passing  through  it,  as  if 
they  had  come  from  a  radiant  point  at  the  distance  of  a  whole 
diameter  of  the  convexity  of  the  lens. 

O,  There  is,  then,  a  great  similarity  in  the  refraction  of  the 
convex  and  concave  lens. 

T,  True ;  the  focus  of  a  double  convex  is  at  the  distance  of  the 
radius  of  convexity,  and  so  is  the  imaginary  focus  of  the  double 
concave ;  and  the  focus  of  the  plano-convex  is  at  the  distance  of 
the  diameter  of  the  convexity,  and  so  is  the  imaginary  focus  of 
the  plano-concave. 

You  will  find  that  images  formed  by  a  concave  lens,  or  those 
formed  by  a  convex  lens,  where  the  object  is  within  its  principal 
focus,  are  in  the  same  position  with  the  objects  they  represent; 
they  are  also  imaginary,  for  the  refracted  rays  never  meet  at  the 
foci  when  they  seem  to  diverge. 

But  the  images  of  objects  placed  beyond  the  focus  of  a  convex 
lens  are  inverted  and  real ;  for  the  refracted  rays  do  meet  at  their 
proper  foci. 

Do  not  forget  that  the  effect  of  convex  lenses  is  to  render  the 
rays  that  pass  through  them  convergent,  and  to  bring  them  to- 
gether into  a  focus.  The  effect  of  concave  lenses  is  to  render  the 
rays  transmitted  through  them  more  divergent. 


CONVERSATION  VIII. 

Of  the  Nature  and  Advantages  of  Light. — Of  the  Separation  of 
the  Bays  of  Light  by  means  of  a  Prism, — And  of  Compounded 
Rays,  &c, 

T.  We  cannot  contemplate  the  nature  of  light  without  being 
struck  with  the  great  advantages  which  we  enjoy  from  it 
Deprived  of  that  blessing  our  condition  would  be  truly  deplor- 
able. 

"How,"  says  a  good  writer,  "could  we  provide  ourselves 
with  food,  and  the  other  necessaries  of  life?  How  could  we 
transact  the  least  business?  How  could  we  correspond  with 
each  other,  or  be  of  the  least  reciprocal  service,  without  light, 
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and  those  admirable  organs  of  the  body,  which  the  Omnipotent 
Creator  has  adapted  to  the  perception  of  this  inestimable 
benefit  ?" 

J.  But  you  have  told  us  that  the  light  would  be  of  compara- 
tively small  advantage  without  an  atmosphere. 

T,  The  atmosphere  not  only  refracts  the  rays  of  light,  so  that 
we  enjoy  longer  days  than  we  should  without  it,  but  occasions 
the  twilight  which  is  so  beneficial  to  our  eyes;  for  without  it 
the  a})pearancc  and  disappearance  o{  the  sun  would  have  been 
instantaneous ;  and  we  should  have  experienced  a  sudden  tran- 
sition from  the  brightest  sunshine  to  the  most  profound  dark- 
ness, and  from  thick  darkness  to  a  blaze  of  light.  The  atmo- 
sphere reflects  also  the  light  in  every  direction  ;  and  if  there 
were  no  atmosphere,  the  sun  would  benefit  those  only  who 
looked  towards  it,  while,  to  those  whose  backs  were  turned  to 
that  luminary,  all  would  be  darkness.  Ought  we  not  therefore 
gratefully  to  acknowledge  the  wisdom  and  goodness  of  the 
Creator,  who  has  adapt^  these  things  to  the  advantage  of  his 
creatures  ? 

J,  I  saw  in  some  of  your  experiments  that  the  rays  of  light, 
after  passing  through  the  glass,  were  tinged  with  different  colours ; 
what  is  the  reason  of  this  ? 

T,  Formerly,  light  was  supposed  to  be  a  simple  and  uncom- 
pounded  body  ;  Sir  Isaac  Newton,  however,  discovered  that  it  was 
not  of  a  simple  nature,  but  composed  of  several  parts,  each  of 
which  has,  in  fact,  a  different  degree  of  refrangibility. 

C.  How  is  that  shown  ? 

2\  Let  the  room  be  darkened,  and  make  a  very  small  hole  in 
the  shutter  to  admit  the  sun's  rays :  instead  of  a  lens  I  take  a 
triangular  piece  of  glass,  called  a  prism ;  and  as  it  does  not  bring 
the  rays  to  a  focus,  they  will,  in  passing  through  it,  suffer  different 
degrees  of  refraction,  and  be  separated  into  the  different  coloured 
rays,  which,  being  received  on  a  sheet  of  white  paper,  will  exhibit 
the  seven  following  colours,  red,  orange,  yellow,  green,  blue, 
indigo,  and  videt 

J,  Here  are  all  the  colours  of  the  rainbow :  the  image  on  the 
paper  is  oblong. 

T,  That  oblong  image  is  usually  called  a  spectrum ;  and  if  it  be 
obtained  by  a  flint-glass  prism,  and  divided  into  360  equal  parts, 
the  red  will  occupy  66  of  them,  the  orange  27,  the  yellow  27,  the 
green  46,  the  blue  48,  the  indigo,  47,  and  the  violet  109. 

These  colours  depend  on  the  number  of  undulations  in  a  given 
time  or  a  given  space.  Sir  John  Herschel  has  detected  a  band  of 
light  beyond  the  violet ;  it  is  scarcely  luminous ;  he  calls  it  the 
lavender  band.    It  is  almost  dark  light ;  indeed,  some  philosophers 
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have  recognized  the  existence  of  dark  light  beyond  the  spectmra 
by  its  action  on  chemical  bodies. 

C  The  shade  of  difference  in  some  of  these  colours  seems  very 
small  indeed. 

T,  You  are  not  the  only  person  who  has  made  this  observatioa : 
experimental  philosophers  agree  that  there  are  but  three  original 
and  truly  distinct  colours,  viz.  the  red,  yellow^  and  hlue. 

C,  What  is  called  the  orange  is  surely  only  a  mixture  of  the  red 
and  yellow,  between  which  it  is  situated. 

T.  In  like  manner  the  green  is  said  to  be  a  mixture  of  the 
yellow  and  blue,  and  the  violet  is  but  a  fainter  tinge  of  the 
mdigo. 

J,  How  is  it  then  that  light,  which  consists  of  different  colours, 
is  usually  seen  as  white  ? 

T,  By  mixing  the  several  colours  in  due  proportion,  white  may 
be  produced. 

«/.  Do  you  mean  to  say  that  a  mixture  of  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet,  in  any  proportion,  will  produce  a 
white? 

T.  If  you  divide  a  circular  surface  into  360  parts,  and  then 
paint  it  in  the  proportion  just  mentioned^  that  is,  56  of  the  parts 
red,  27  orange,  27  yellow,  &c.,  and  turn  it  round  with  great  ve- 
locity, the  whole  will  appear  of  a  dirty  white  ;  and,  if  the  colours 
were  more  perfect,  the  white  would  be  so  too. 

J,  Was  it  then  owing  to  the  separation  of  the  different  rays, 
that  I  saw  the  rainbow  colours  about  the  edges  of  the  image  made 
with  the  lens  ? 

T,  It  was  :  some  of  the  rays  were  scattered,  and  not  brought  to 
a  focus,  and  these  were  divided  in  the  course  of  refraction.  And 
I  may  tell  you  now,  though  I  shall  not  explain  it  at  present,  that 
the  rainbow  in  the  heavens  is  caused  by  the  separation  of  tiie  rays 
of  light  into  their  component  parts. 


CONVERSATION  IX. 

Of  Colours, 

G,  After  what  you  said  yesterday,  I  am  at  a  loss  to  know  the 
cause  of  different  colours :  the  cloth  on  this  table  is  green  ;  that 
of  which  my  coat  is  made  is  blue :  what  makes  the  oifference  in 
these? 

T,  All  colours  are  supposed  to  exist  only  in  the  light  of 
luminous  bodies,  such  as  the  sun,  a  candle,  &c.,  and  that  light 
falling  upon  difiS^rent  bodies  is  separated  into  its  seven  primitiTV 
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colours,  some  of  which  are   absorbed,  while    others    are    re- 
flected. 

J.  Is  it  from  the  reflected  rays  that  we  judge  of  the  colour  of 
objects  ? 

T.  It  has  generally  been  thought  so;  thus  the  cloth  on  the 
table  absorbs  all  the  undulations  but  those  that  produce  green 
light,  which  it  reflects  to  the  eye ;  but  your  coat  is  of  a  difierent 
texture,  and  absorbs  all  but  the  blue  rays. 

C.  Why  are  paper  and  the  snow  white  ? 

T.  The  whiteness  of  paper  is  occasioned  by  its  reflecting  the 
greatest  part  of  all  the  light  that  falls  upon  it.  And  every  flake 
of  snow,  being  an  assemblage  of  frozen  globules  of  water  sticking 
together,  reflects  and  refracts  the  light  that  falls  upon  it  in  all 
directions,  so  as  to  mix  it  very  intimately,  and  produce  a  white 
image  on  the  eye. 

J,  Does  the  whiteness  of  the  sun's  light  arise  from  a  mixture  of 
all  the  primary  colours  ? 

T.  It  does,  as  may  be  easily  proved  by  an  experiment ;  for 
if  any  of  the  seven  colours  be  intercepted  at  the  lens,  the 
image  in  a  great  measure  loses  its  whiteness.  With  the  prism 
I  will  divide  the  ray  into  its  seven  colours  -*  I  will  then  take  a 
convex  lens,  in  order  to  reunite  them  into  a  single  ray,  which 
will  exhibit  a  round  image  o^  shining  white  ;  but  if  only  five  or 
six  of  these  rays  are  taken  with  the  lens,  it  will  produce  a  dusky 
white. 

'J,  The  diamond,  I  know,  owes  its  brilliancy  to  the  power  of 
reflecting  almost  all  the  rays  of  light  that  fall  on  it ;  but  are  vege- 
table and  animal  tribes  equally  indebted  to  it  ? 

T,  What  does  the  gardener  do  to  make  his  endive  and  lettuces 
white? 

C.  He  ties  them  up. 

T.  That  is,  he  shuts  out  the  light,  and  by  this  means  they 
become  blanched.  I  could  name  a  thousand  instances  to  show, 
not  only  that  the  colour,  but  even  the  existence  of  vegetables, 
depends  upon  light  Close  wooded  trees  have  leaves  on  the  out- 
side only  ;  such  is  the  cedar  in  the  garden.  Look  up  the  inside 
of  a  yew-tree,  and  you  will  see  that  the  inner  branches  are  almost, 
or  altogether,  barren  of  leaves.  Greoraniums  and  other  gpreenhouse 
plants  turn  their  flowers  to  the  light ;  and  plants  in  general,  if 
doomed  to  darkness,  soon  sid^en  and  die. 

J,  There  are  some  flowers,  the  petals  of  which  are,  in  different 
parts,  of  various  colours ;  how  do  you  account  for  this  ? 

T.  The  flower  of  the  heart's-ease  is  of  this  kind ;  and,   if 

*  A  figare  will  be  given  on  this  snl^ect^  with  explanations,  Conversation  XVIIL, 
en  the  fiidnbow. 
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examined  with  a  good  microscope,  it  will  be  found  that  the 
texture  of  the  blue  and  yellow  parts  is  very  different.  The 
texture  of  the  leaves  of  the  white  and  red  rose  is  also  different 
Clouds  also,  which  are  so  various  in  their  colours,  are  undoubtedly 
more  or  less  dense,  as  well  as  being  differently  placed  with  regard 
to  the  eye  of  the  spectator ;  but  .they  all  depend  on  the  light  of 
the  sun  for  their  beauty. 

C,  Are  we  to  understand  that  all  colours  depend  on  the  refleo 
tion  of  the  several  coloured  rays  of  light  ? 

T,  This  seems  to  have  been  the  opinion  of  Sir  Isaac  Newton ; 
but  he  concluded,  from  various  experiments  on  this  subject,  that 
every  substance  in  nature,  provided  it  be  reduced  to  a  proper 
degree  of  thinness,  is  transparent.  Many  transparent  media 
reflect  one  colour  and  transmit  another:  gold-leaf  reflects  the 
yellow,  but  it  transmits  a  sort  of  green  colour  by  holding  it  up 
against  a  strong  light. 

When  rays  passing  through  a  narrow  slit  are  examined  by  a 
prism,  the  spectrum  is  traversed  by  numerous  dark  lines :  each 
star,  the  sun,  the  planets,  and  artificial  light,  have  their  own 
systems  of  dark  lines ;  it  is  supposed  that  some  of  the  undulations 
are  lost  or  cheeked.  They  are  called  Fraunhofer's  bands,  because 
he  was  a  philosopher  who  carefully  studied  them. 

J,  Two  interfering  waves  of  water  produce  stillness:  yoa 
have  shown  us  that  two  interfering  waves  of  sound  produce 
silence:  do  two  interfering  undulations  of  light  produce  dark- 
ness f 

T,  Yes;  and  this  may  readily  be  shown.  If  two  pieces  of 
glass  from  the  same  plate  are  inclined  on  each  other,  and  illu- 
minated with  a  monochromatic  or  one-coloured  light,  there 
will  be  a  series  of  alternate  dark  and  one-coloured  bands ;  the 
dark  arise  from  the  interference  of  two  waves.  If  a  pin  or 
any  small  body  is  made  to  intercept  rays  in  a  dark  box,  it  will 
be  fringed  with  colours ;  in  this  case  the  undulations  passing  on 
one  side  of  the  pin  interfere  with  those  on  the  other,  and  pro- 
duce the  spectral  colours.  Immediately  under  the  pin  is  a  dot 
of  white  light ;  for  the  undulations  on  each  side  here  combine. 
If  a  disc  having  a  small  hole  be  placed  in  the  path,  the  undu- 
lations interfere  in  such  a  manner  as  to  produce  a  dark  spot  under 
the  hole ;  in  the  one  case  darkness  is  changed  to  light,  and  in  the 
other  light  to  darkness.  The  colours  of  soap-bubbles  depend  on 
the  same  principle  ;  the  undulations  from  the  one  surface  interfere 
with  those  from  the  other,  and  produce  the  varieties  of  colours. 
The  best  mode  of  making  a  soap-bubble  is  to  take  a  6-ounce  phial, 
one-third  filled  with  water,  and  containing  a  piece  of  soap  the 
size  of  a  pea,  place  it  in  a  vessel  of  hot  water  till  it  boils,  and  then 
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suddenly  cork  it ;  remove  it,  and  seal  it.  By  this  means  most  of 
the  air  is  removed,  and  a  gentle  shake  will  produce  a  film  that 
will  remain  for  hours.  If  a  lens  is  pressed  on  a  plate  of  glass,  a 
series  of  circular  coloured  rings,  known  as  Newton's  rings,  will 
be  seen :  they  are  due  to  the  same  law  of  interference.  Both 
these  and  the  colour  of  soap-bubbles  are  one  colour  when 
looked  at,  and  its  cofnplementary  when  looked  through.  The 
centre  is  Uack  when  looked  at,  and  white  when  looked  through^ 
The  thickness  of  the  film  of  air  to  produce  black  when  looked  at 
is  half  a  millionth  of  an  inch ;  of  the  film  of  water  in  the  soap- 
bubble,  one-fifth  of  a  millionth. 

C.  I  observe  that  there  are  several  sets  of  colours  in  this  soap- 
film  ;  somewhat  like  so  many  rainbows  following  each  other,  and 
each  different. 

T.  By  observing  these  colours,  and  referring  to  tables  calcu- 
lated by  Sir  Isaac  Newton,  you  will  obtain  the  thicknesses  of 
the  film  at  each  part.  For  instance,  the  red  that  is  nearest  the 
black  is  nine  millionths  of  an  hich  thick.  The  next  red  is 
eighteen  and  a  third ;  the  next  thirty-two ;  the  next  forty  and  a 
third;  the  next  fifty-two  and  a  half ;  and  the  next  sixty-five  ; 
and  they  all  differ  a  little  from  each  other. 

You  would  find  similar  differences  by  following  a  set  of  any 
other  colour. 

The  tints  of  mother  of  pearl  are  due  to  similar  causes.  Mr. 
Warren  De  La  Rue  has  applied  this  principle  most  ingeniously  in 
the  preparation  of  iridescent  paper,  which  is  prepared  by  receiving 
an  exquisitely  thin  film  of  a  drying  varnish  on  a  highly  glazed 
surface  of  paper.  In  order  to  obtain  the  film  the  varnish  is 
dropi)ed  on  the  surface  of  hot  water,  and  when  the  iridescent 
colours  appear,  the  paper  is  raised  from  below  the  surface  of 
the  water  covered  with  the  varnish,  and  adhering  to  it,  the  film' is 
firmly  attached  to  the  paper,  which  is  afterwards  dried  and 
pressed. 


CONVERSATION  X. 

Beflected  Light,  and  Plane  Mirrors, 

T,  We  now  propose  to  speak  of  a  different  species  of  glasses, 
yiz.  of  mirrors,  or,  as  they  are  sometimes  called,  specula. 

J,  A  looking-glass  is  a  mirror,  is  it  not  ? 

T,  Mirrors  are  made  of  glass  silvered  on  one  side ;  they  are 
also  made  of  highly-polished  metal.  There  are  three  kinds  of 
mirrors,  the  plane,  the  convex,  and  the  concave. 
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C.  You  have  shown  us  that  in  a  looking-glass,  or  ]:dane 
mirror,  ^^  the  angle  of  rejection  is  always  equal  to  the  ai^Ie  of 
inddence."* 

T.  This  rule  is  not  only  applicable  to  plane  mirrors,  but  to 
those  which  are  convex  and  concave  also,  as  I  shall  show  you 
to-morrow.  But  I  wish  to  make  some  observations  first  on 
plane  mirrors.  In  the  first  place,  if  you  wish  to  see  the  complete 
image  of  yourself  in  a  plane  mirror  or  looking-glass,  it  must  be 
be  half  as  long  as  you  are  high. 

J,  I  should  have  imagined  the  glass  must  have  been  as  long  as 
I  am  high. 

T,  In  looking  at  your  image  in  the  glass,  does  it  not  seem  to 
be  as  far  behind  the  glass  as  you  stand  before  it  ? 

J,  Yes ;  and  if  I  move  forwards  or  backwards,  the  image 
behind  the  glass  seems  to  approach  or  recede. 

T,  Let  a  6  be  the  looking-glass,  and  ▲  the  spectator,  standing 

opposite  to  it.  The 
ray  from  his  eye  will 
be  reflected  in  the 
same  line  a  a,  but 
the  ray  c  h  flowing 
from  his  foot,  in  order 
to  be  seen  at  the  eye, 
Fig.  16.  must  be  reflected   by 

the  line  h  a. 

C  So  it  will ;  for  if  a;  2>. be  a  line  perpendicular  to  the  glass, 

the  incident  angle  yvill  be  c  6  a;,  equal  to  the  reflected  angle  A.hx. 

T,  And  therefore  the  foot  will  appear  behind  the  glass  at  d 

along  the  line  a  2>  p,  because  that  b  the  line  in  which  the  ray  last 

approaches  the  ey^. 

cT.  Is  that  part  of  the  glass  a  h  intercepted  by  the  lines  A  b 
and  A  D  equal  exactly  to  half  the  length  b  b  or  a  c  ? 

T.  It  is :  A  a  ^  and  a  b  d  may  be  supposed  to  form  two  tri- 
angles, the  sides  of  which  always  bear  a  fixed  proportion  to  one 
another ;  and,  if  a  q  is  double  a  a,  as  in  this  case  it  is,  b  b  will 
be  double  a  h,  or  fit  least  of  that  part  of  the  glass  intercepted  by 
A  B  and  A  D. 

J,  If  I  look  at  the  reflection  of  a  candle  in  a  looking-glass,  I 
see  in  fact  two  images,  one  much  fainter  than  the  other :  what  is 
the  reason  of  this  ? 

T.  The  reason  of  the  double  image  is,  that  a  part  of  the  rays 
are  immediately  reflected  from  the  upper  surface  of  the  glass, 
which  form  the  faint  image,  while  the  greater  part  of  them  are 
reflected  from  the  second  or  silvered  surface,  and  form  the  vivid 

*  See  Couveisation  IL 
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image.     To  see  these  two  images  you  must  stand  a  little  side^ 
ways,  and  not  directly  before  the  glass. 

C  What  is  meant  by  the  expression  of  "an  image  being 
formed  behind  a  reflector  V* 

T.  It  is  intended  to  denote  that  the  reflected  rays  come  to  the 
eye  with  the  same  inclination  as  if  the  object  itself  were  actually 
behind  the  reflector.  If  you,  standing  on  one  side  of  the  room, 
see  the  image  of  your  brother,  who  is  on  the  other  side,  in  the 
looking-glass,  the  image  seems  to  be  formed  behind  the  glass ; 
that  is,  the  rays  come  to  your  eye  precisely  in  the  same  way  as 
they  would  if  your  brother  himself  stood  in  that  place  without  the 
intervention  of  a  glass. 

J,  But  the  image  in  the  glass  is  not  so  bright  or  vivid  as  the 
object. 

T.  A  plane  mirror  is  in  theory  supposed  to  reflect  all  the  light 
which  falls  upon  it,  but  in  practice  nearly  half  the  light  is  lost,  on 
account  of  the  inaccuracy  of  the  polish,  &c. 

C,  Has  it  not  been  said  that  Archimedes,  at  the  siege  of 
Syracuse,  burned  the  ships  of  Marcellus  by  a  machine  composed 
of  mirrors  ? 

T,  Yes;  but  we  have  no  certain  accounts  that  may  be  im- 
plicitly relied  on.  M.  Buflbn,  about  eighty  or  ninety  years  ago, 
burned  a  plank  at  the  distance  of  seventy  feet,  with  forty  plane 
mirrors. 

J,  I  do  not  see  how  they  can  act  as  burning-glasses. 

T,  A  plane  mirror  reflects  the  light  and  heat  coming  from 
the  sun,  and  will  illuminate  and  heat  any  substance  on  which 
they  are  thrown,  in  the  same  manner  as  if  the  sun  shone  upon 
it.  Two  mirrors  will  reflect  on  it  a  double  quantity  of  heat ; 
and  if  40  or  100  mirrors  could  be  so  placed  as  to  reflect  from 
each  the  heat  coming  from  the  sun  on  any  particular  substance, 
they  would  increase  the  heat  40  or  100  times.  In  some  such 
way  as  this,  probably,  Archimedes'  mirrors  were  disposed.  It 
is  generally  imagined  that  they  were  placed  so  as  to  fall  in  the 
interior  surface  of  a  paraboloid ;  but  M.  Peyrard,  in  his  edition 
of  the  works  of  Archimedes,  proves  that  this  could  not  well  be 
the  case. 


CONVERSATION  XI. 

0/  Concave  Mirrors — Their  Uses — Ebw  they  act, 

J,  To  what  uses  are  concave  mirrors  applied  ? 
T.  They  are  chiefly  used  in  reflecting  telescopes,    a  b  repre- 
sents a  concave  mirror,  and  a  b,  c  d,  e  /^  three  parallel  rays  of 
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light  falling  upon  it.    c  is  the  centre  of  concavity ;  that  is,  one 

leg  of  your  compasses  being  placed  on  c, 
and  then  opening  them  to  the  length  c  d, 
the  other  leg  will  touch  the  mirror  a  b  in 
all  its  parts. 

J.  Then  all  the  lines  drawn  from  c  to  the 
glass  will  be  equal  to  one  another,  as  c  ^, 
C6?,  and  c/? 

T,  They  will :  and  there  is  another  pro- 
Fig.  16-  perty  belonging  to  them ;  they  are  all  per- 
pendicular to  the  glass  at  the  parts  where  they  touch. 

c  d  is  an  incident  ray,  but  as  it  passes  through  the  centre  of 
concavity,  it  will  be  reflected  back  in  the  same  line ;  a  &  is  an 
incident  ray,  and  I  want  to  know  what  will  be  the  direction  of 
the  reflected  ray  ? 

C,  Since  c  6  is  perpendicular  to  the  glass  at  J,  the  angle  of 
incidence  is  a  &  c ;  ana  as  the  angle  of  reflection  is  always  equal 
to  the  angle  of  incidence,  I  must  take  another  angle,  as  c  &  m, 
equal  to  a  6  c,  and  then  the  line  6  m  is  that  in  which  the  incident 
ray  will  move  after  reflection. 

T.  Can  you,  James,  tell  me  how  to  find  the  line  in  which  the 
incident  ray  e/  will  move  after  reflection  ? 

«/.  Yes :  I  will  make  the  angle  c  /  m  equal  to  c  /  «,  and  the 
line/ w  will  be  that  in  which  the  reflected  ray  will  move ;  and  I 
perceive  that  c/is  reflected  to  the  same  point  m  as  a  6  was. 

T,  If,  instead  of  two  incident  rays,  any  number  were  drawn 
parallel  to  c  d,  they  would  every  one  be  reflected  to  the  same 
point  w,  provided  the  distance  o  /  is  not  too  large ;  and  that 
point  which  is  called  the  focus  of  paralld  rays  is  distant  from  the 
mirror  equal  to  half  the  radius  c  d, 

J,  Then  we  may  easily  find  the  point  without  the  trouble  of 
drawing  the  angles,  merely  by  dividing  the  radius  of  concavity 
into  two  equal  parts. 

T,  You  may.  The  rays,  as  we  have  already  observed,  which 
proceed  from  any  point  of  a  celestial  object,  may  be  esteemed 
parallel  at  the  earth,  and  therefore  the  image  of  that  point  will  be 
formed  at  m, 

G,  Do  you  mean  that  all  the  rays  flowing  from  a  point  of  a 
star,  and  falling  upon  such  a  mirror,  will  be  reflected  to  the  point 
7w,  where  the  image  of  the  star  will  appear  ? 

T,  I  do,  if  there  be  anything  at  that  point  m  to  receive  the 
image. 

J,  Will  not  the  same  rule  hold  with  regard  to  terrestrial  objects  ? 

T,  No :  for  the  rays,  which  proceed  from  any  terrestrial  object, 
however  remote,  cannot  be  esteemed  strictly  parallel ;  they,  there- 
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fore,  come  diverging^  and  will  not  converge  to  a  single  point,  at 
the  distance  of  half  the  radius  of  the  mirror's  concavity  from  the 
reflecting  surface,  but  in  separate  points,  at  a  little  greater  dis- 
tance from  the  mirror  than  half  the  radius. 

C.  Can  you  explain  this  by  a 
figure? 

T,  I  will  endeavour  to  do  so. 
Let  A  B  be  a  concave  mirror, 
and  M  £  any  remote  object,  from 
every  part  of  which  rays  will 
proceed  to  every  point  of  the 
mirror,  that  is,  from  the  point  m 
rays  will  flow  to  every  point  of 
the   mirror,   and    so   they   will  Fig.  17. 

from  B,  and  from  every  point  between  these  extremities.  Let  us 
see  where  the  rays  that  proceed  from  m  to  a,  c,  and  b,  will  be 
reflected,  or,  in  other  words,  where  the  image  of  the  point  m  will 
be  formed. 

J,  Will  all  the  rays  that  proceed  from  m  to  different  parts  of 
the  glass  be  reflected  to  a  single  point  ? 

T,  Yes,  they  will,  and  the  difficulty  is  to  find  that  point.  I 
will  take  only  three  rays,  to  prevent  confusion,  viz.,  m  a,  m  c, 
M  B ;  and  c  is  the  centre  of  concavity  of  the  glass. 

0,  Then  if  I  draw  c  a,  that  line  will  be  perpendicular  to  the 
glass  at  the  point  a  ;  the  angle  m  A  c  is  now  given,  and  it  is  the 
angle  of  incidence. 

J,  And  you  must  make  another  equal  to  it,  as  you  did  before. 

T,  Very  well.  Make  c  a  as,  equal  to  m  a  c,  and  extend  the 
line  A  a;  to  any  length  you  please. 

Now  you  have  an  angle  m  c  c  made  with  the  ray  m  c,  and  the 
perpendicular  b  c,  which  is  another  angle  of  incidence. 

U,  I  will  make  the  angle  of  reflection  c  c  z  equal  to  it,  and  the 
line  e  z  being  produced,  cuts  the  line  a  a;  in  a  particular  point, 
which  I  will  call  m, 

T,  Draw  now  the  perpendicular  c  b,  and  you  have,  with  it  and 
the  ray  m  b,  the  angle  of  incidence  m  b  c.  Make  another  angle 
equal  to  it,  as  its  angle  of  reflection. 

J,  There  it  is,  c  b  w,  and  I  find  the  line  b  u  meets  the  other 
lines  at  the  point  m. 

T.  Then  m  is  the  point  in  which  all  the  reflected  rays  of  m  will 
converge  ;  of  course,  the  image  of  the  extremity  m  of  the  arrow 
B  M  will  be  formed  at  m.  Now  the  same  might  be  shown  of 
every  other  part  of  the  object  m  b,  the  image  of  which  will  be 
represented  by  e  m,  which  you  see  is  at  a  greater  distance  from 
the  glass  than  half  c  c,  or  radius. 
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(7.  The  image  is  inverted  also,  and  less  than  the  object ;  and 
this,  I  conclude,  will  always  be  the  case  in  similar  drann- 
stances. 


CONVERSATION  XH. 

On  Concave  Mirrors  and  Experiments  with  them. 

T,  If  you  understand  what  we  conversed  on  and  did  yesterdaj, 
you  will  easily  see  how  the  image  is  formed  by  the  large  concafc 
mirror  of  the  reflecting  telescope,  when  we  come  to  examine  tbe 
construction  of  that  instrument.  In  a  concave  mirror,  the  image 
is  less  than  the  object,  when  the  object  is  more  remote  from  Ae 
mirror  than  c,  the  centre  of  concavity ;  and  in  that  case,  the 
image  is  between  the  object  and  mirror. 

J,  Suppose  the  object  is  placed  in  the  cetitre  c  ? 

T,  Then  the  image  and  object  will  coincide ;  and  if  the  object 
is  placed  nearer  to  the  glass  than  the  centre  c,  then  the  image 
will  be  more  remote  and  bigger  than. the  object. 

C,  I  should  like  to  see  this  illustrated  by  an  experiment. 

T,  Well,  here  is  a  large  concave  mirror.  Place  yourself 
before  it,  beyond  the  centre  of  the  concavity;  and,  with  a  little 
care  in  adjusting  your  position,  you  will  see  an  inverted  image 
of  yourself  in  the  air  between  you  and  the  mirror,  and  of  a  less 
size  than  you  are.  When  you  see  the  image,  extend  your  hand 
gently  towards  the  glass,  and  the  hand  of  the  image  will  advance 
to  meet  it,  till  they  both  meet  in  the  centre  of  the  glass's  con- 
cavity. If  you  carry  your  hand  still  farther,  the  hand  of  the 
image  will  pass  by  it,  and  come  between  it  and  the  body.  Now 
move  your  hand  to  either  side,  and  the  image  of  it  will  move 
towards  the  other. 

J,  Is  there  any  rule  for  finding  the  distance  at  which  the  image 
of  an  object  is  formed  from  the  mirror  ? 

T,  If  you  know  the  radius  of  the  mirror's  concavity,  and  also 
the  distance  of  the  object  from  the  glass. 

'^  Multiply  the  distance  and  radius  together,  and  divide  the 
product  by  double  the  distance  less  by  the  radius,  and  the  quo- 
tient is  the  distance  required." 

Tell  me  at  what  distance  the  image  of  an  object  will  be,  sup- 
posing the  radius  of  the  concavity  of  the  mirror  is  12  inches,  and 
the  object  18  inches  from  it. 

J.  I  multiply  18  by  12,  which  gives  216 ;  this  I  divide  by 
double  18,  or  36,  less  by  12,  that  is  24 :  but  216  divided  by  24 
gives  9,  which  is  the  number  of  inches  required. 

T,  You  may  vary  this  example,  in  order  to  impress  the  rule  on 
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your  memory ;  and  I  will  show  you  another  experiment.  I  take 
this  bottle  partly  full  of  water,  and  corked,  and  place  it  opposite 
the  concave  mirror,  and  beyond  the  focus,  that  it  may  appear  to 
be  reversed :  now  stand  a  little  farther  distant  than  the  bottle, 
and  you  will  see  the  bottle  inverted  in  the  air,  and  the  water, 
which  is  in  the  lower  part  of  the  bottle,  will  appear  to  be  in  the 
upper.  I  will  invert  the  bottle,  and  uncork  it,  and,  whilst  the 
water  is  running  out,  the  image  will  appear  to  be  filling ;  but 
when  the  bottle  is  empty,  the  illusion  is  at  an  end. 

C,  Concave  mirrors  are,  I  believe,  sometimes  used  as  burning- 
glasses. 

T,  Since,  as  we  have  seen,  it  is  the  property  of  these  mirrors 
to  cause  parallel  rays  to  converge  to  a  focus,  and  because  the  rays 
of  the  sun  are  considered  as  parallel,  they  are  very  useful  as  burn- 
ing-glasses, and  the  principal  focus  is  the  burning  point. 

«/.  Is  the  image  formed  by  a  concave  mirror  always  before  it  ? 

T.  In  all  cases,  except  when  the  object  is  nearer  to  the  mirror 
than  the  principal  focus. 

C,  Is  the  image  then  behind  the  mirror  ? 

T.  It  is;  and  farther  behind  the  mirror  than  the  object  is 
before  it.     Let  ▲  c  be  a  mirror,  and  x  z 

the  object  between  the  centre  k  of  the         ^gih 4^^^ 

glass  and  the  glass  itself ;  and  the  image       /^^'-^-•''/^V'  ' 
X  y  z  will  be  behind  the  glass,  erect,     )4rr:.-'-..-^'..  fT'-'^K 
curved,  and  magnified,  and,   of  course,       V    '  "/^^-^^^'x   I 

the  image  is  farther  behind  the   glass        ^»^ ^t^' 

than  the  object  is  before  it.  *  p.    jg 

J.  What  would  be  tlie  effect  if,  instead 
of  an  opaque  object  a?  z,  a  luminous  one,  as  a  candle,  were  placed 
in  the  focus  of  a  concave  mirror  ? 

T,  It  would  strongly  illuminate  a  space  of  the  same  dimension 
as  the  mirror  to  a  great  distance ;  and  if  the  candle  were  still 
nearer  the  mirror  than  the  focus,  its  rays  would  enlighten  a  larger 
space.  Hence  you  may  understand  the  construction  of  many  of 
tne  lamps  that  might  be  seen  in  many  parts  of  London,  before  gas 
was  introduced,  and  which  were  undoubtedly  a  great  improve- 
ment in  lighting  the  streets.  Similar  principles  are  often  em- 
ployed in  the  construction  of  reflectors  for  lighthouses. 
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CONVERSATION  XUI. 

Of  Concave  and  Convex  Mirrors. 

T,  We  shall  devote  another  morning  or  two  to  the  subject  of 
reflection  from  mirrors  of  different  kinds. 

(7.  You  have  not  said  anything  about  convex  mirrors. 
7.  The  images  reflected  from  these  are  smaller  than  the 
objects,  erect,  and  behind  the  surface ;  therefore  a  landscape  or 
a  busy  scene  delineated  on  one  of  them,  is  always  a  beautiful 
object  to  the  eye.  You  may  easily  conceive  how  the  convex 
muTor  diminishes  objects,  or  the  images  of  objects,  bj  considering 
in  what  manner  they  are  magnified  by  the  concave  mirror.  If 
a;  ^  z,  in  the  last  diagram,  were  an  object  before  a  convex  mirror 
▲  c,  the  image  by  reflection  would  be  as  z. 
J,  Would  it  not  appear  curved  ? 

T,  Certainly  :  for  if  the  object  be  a  right  line,  or  a  plane  sur- 
face, its  image  must  be  curved,  because  the  different  points  of 
the  object  are  noj:  equally  distant  from  the  reflector.  In  fact, 
the  images  formed  by  convex  mirrors,  if  accurately  compared  with 
the  objects,  are  never  exactly  of  the  same  shape. 

C,  I  do  not  quite  comprehend  in  what  manner  reflection  takes 

place  at  a  convex  mirror. 

T,  I  will  endeavour,  by  a  figure, 
to  make  it  plain :  c  d  represents  a 
convex  mirror  standing  at  the  end 
of  the  room,  before  which  the  ar- 
row ▲  B  is  placed  on  one  side,  or 
obliquely:  where  must  the  spec- 
tator stand  to  see  the  reflected 
image? 

C  On  the  other  side  of  the  room. 

T,  The  eye  b  will  represent  that  situation  :  the  rays  from  the 
external  parts  of  the  arrow,  A  and  b,  flow  convergingly  along  a  a 
and  B  6,  and  if  no  glass  were  in  the  way,  they  would  meet  at  p ; 
but  the  glass  reflects  the  ray  a  a  along  a  b,  and  the  ray  b  h  along 
h  B ;  and  as  we  always  transfer  the  image  of  an  object  in  that 

direction  in  which  the  rays 
approach  the  eye,  we  see 
the  image  of  a  along  the 
line  B  a,  behind  the  glass, 
and  the  image  of  b  along 
E  &,  and,  of  course,  the 
image  of  the  whole  arrow 
Fig-  20.  is  at  s. 


Fig.  19. 
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By  means  of  a  similar  diagram,  I  will  show  you  more  clearly 
the  principle  of  the  concave  mirror.  Suppose  an  object  c  to  be 
beyond  the  focus  f,  and  the  spectator  to  stand  at  z,  the  rays  c  h 
and  c  d  are  reflected,  and  where  they  meet  in  e  the  spectator  will 
see  the  image. 

J.  That  is  between  himself  and  the  object. 

T.  lie  must,  however,  be  far  enough  from  it  to  receive  the 
rays  after  they  have  diverged  from  b,  because  every  enlightened 
point  of  an  object  becomes  visible  only  by  means  of  a  cone  of 
diverging  rays  from  it,  and  we  cease  to  see  it  if  the  rays  become 
parallel  or  converging. 

C,  Is  the  image  inverted  ? 

T,  Certainly ;  because  the  rays  have  crossed  before  they  reach 
the  eye. 

You  may  see  this  object  in  another  point  of  view  :  let  a;  y  be 
a  concave  mirror,  and  o  the  centre  of  concavity :  divide  o  a 
equally  in  f,  and  take  the  half,  the  third,  and  the  fourth,  &c.  of 
p  o,  and  mark  these  divisions,  i,  j,  |,  &c.  Let  a  o  be  extended, 
and  parts  be  taken  in  it  equal  to  f  o,  at  2,  3,  4,  &c.  Now  if  any 
of  the  points  1,  2,  3,  4,  &c.  be  the  focus  of  incident  rays,  the 
correspondent  point  1,  ^,  j,  i,  &c.  in  o  f  will  be  the  focus  of  the 
reflected  rays,  and  vice  versa. 

J,  Do  you  mean  by  that,  if  incident  rays  be  at  i,  or  J,  or  J, 
the  reflected  rays  will  be  at  2,  3,  4  ? 
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Fig.  21. 

jT.  I  do :  place  a  candle  at  2,  and  an  inverted  .image  will  be 
seen  at  ^ :  now  place  it  at  4,  and  it  will  also  move  back  to  i : 
these  images  may  be  taken  on  paper  held  in  those  respective 
places. 

(7.  I  see  the  farther  you  proceed  one  way  with  the  candle,  the 
nearer  its  inverted  image  comes  to  the  point  f. 

T,  True ;  and  it  never  gets  beyond  it,  for  that  is  the  focus  of 
parallel  rays  after  reflection,  or  of  rays  that  come  from  an  infinite 
distance. 

J,  Suppose  the  candle  were  at  o  ? 

T.  Then  the  object  and  image  will  coincide :  and  as  the  image 
of  an  object  between  f  and  a  concave  speculum  is  on  the  othex 

1^ 
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side  of  the  speculum,  this  experiment  of  the  candle  and  paper 
cannot  be  made. 

I  will  now  just  mention  an  experiment  that  we  may  hereafter 
make:  at  one  end  of  an  oblong  box,  about  two  feet  long  and 
fifteen  inches  wide,  is  to  be  placed  a  concave  mirror ;  near  the 
upper  part  of  the  opposite  end  a  hole  is  made,  and  about  the 
middle  of  the  box  is  placed  a  hollow  frame  of  pasteboard  that 
confines  the  view  of  the  mirror.  The  top  of  the  box,  next  the 
end  in  which  the  hole  is  made,  is  covered  with  a  glass,  but  the 
other  half  is  darkened.  Under  the  whole  are  placed,  in  succes- 
sion, different  pictures,  properly  painted,  which  are  thrown  into 
perspective  by  the  mirror,  and  produce  a  beautiful  appearance. 


CONVERSATION  XIV. 

0/  Convex  Reflection — Of  Optical  Delusi<ms — Of 

Anamorphoses, 

C,  You  cannot,  I  see,  make  the  same  experiment  with  the 
candle  and  a  convex  mirror,  that  you  made  yesterday  with  the 
concave  one. 

T,  Certainly  not,  because  the  image  is  formed  behind  the 
glass ;  but  it  may,  perhaps,  be  worth  our  while  to  consider  how 
the  e£fect  is  produced  in  a  mirror  of  this  kind.     Let  a  h  n^pre' 
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sent  a  convex  mirror,  and  a  /  be  half  the  radius  of  conventy, 
and  take  a  r,  f  o,  o  b,  &c.  each  equal  a/.  If  incident  rays  flow 
from  2,  the  reflected  rays  will  appear  to  come  from  behind  the 
glass  at  ^. 

J,  Do  you  mean,  if  a  candle  be  placed  at  2,  the  image  of  it  will 
appear  to  be  formed  at  ^  behind  the  glass  ? 

T,  I  do :  and  if  that  or  any  other  object  be  carried  to  3, 4,  &c., 
the  image  will  also  go  backward  to  j,  i,  &c. 

G.  Then,  as    a    person  walks  towards    a  convex    sphoical 
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reflector,  the  image  appears  to  walk  towards  him,  constantly  in- 
creasing in  magnitude,  till  they  touch  each  other  at  the  sur- 
face. 

T,  You  will  observe  that  the  image,  however  distant  the  object, 
is  never  farther  off  than  at  /;  that  is,  the  imaginary  focus  of 
parallel  rays. 

e/.  The  difference  then  between  concave  and  convex  reflections 
is,  that  the  point  /  in  the  former  is  behind  the  glass,  and  in  the 
latter  it  is  before  the  glass,  as  f. 

T,  Just  so :  from  the  property  of  diminishing  objects,  "  small 
convex  reflectors,"  says  Dr.  Gregory,  "  are'  made  for  the  use  of 
travellers,  who,  when  fatigued  by  stretching  the  eye  to  Alps 
towering  on  Alps,  can,  by  their  mirror,  bring  the  sublime  objects 
into  a  narrow  compass,  and  gratify  the  sight  by  pictures  which 
the  art  of  man  in  vain  attempts  to  imitate.'**  No  doubt  if 
Dr.  Gregory  pould  have  anticipated  the  sun-pictures  of  photo- 
graphy and  the  marvels  of  the  stereoscope^  he  would  have  qualified 
the  latter  part  of  his  observation. 

Concave  mirrors  have  been  used  for  many  other  and  different 
purposes ;  for,  by  them,  with  a  little  ingenuity,  a  thousand  illu- 
sions may  be  practised  on  the  ignorant  and  credulous. 

(7.  I  remember  going  with  you  to  see  an  exhibition  in  Bond 
Street,  which  you  said  depended  on  a  concave  mirror:  I  was 
desired  to  look  into  a  glass ;  I  did  so,  and  started  back,  for  I 
thought  the  point  of  a  dagger  would  have  been  in  my  face. 
I  looked  again,  and* a  death's  head  snapped  at  me:  and  then  I 
saw  a  most  beautiful  nosegay,  which  I  wished  to  grasp,  but  it 
vanished  in  an  instant. 

T,  I  will  explain  how  these  deceptions  are  managed :  let  e  f 
be  a  concave  mirror  10  or  12  inches  in  diameter,  placed  in  one 


Fig.  23.  / 
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room;   a  b  the  wainscot  that  separates  the  spectator  from  it;/ 
but  in  this  there  is  a  square  or  circular  opening  which  faces  tha 
mirror  exactly.     A  nosegay,  for  instance,  is  inverted  at  c,  anc^ 
is  strongly  illuminated  by  means  of  an  Argand  lamp ;  but  d 

*  See  Economy  of  Nature,  voL  i.  p.  26^  second  editioii. 
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direct  light  from  the  lamp  falls  on  the  mirror.     Now  a  person 
standing  at  g  will  see  an  image  of  the  nosegay  at  i>. 

J,  What  made  it  vanish  ? 

T,  A  person  behind  the  wainscot  removed  the  noseg^,  and 
introduced  the  sword  and  the  advancing  death's  head.  Fersons 
have  undertaken  to  exhibit  the  ghosts  of  the  dead  by  contrivances 
of  this  kind ;  for  if  a  drawing  of  the  deceased  be  placed  instead  of 
the  nosegay,  it  may  be  done. 

If  a  large  concave  mirror  be  placed  before  a  blazing  fire,  so  as 
to  reflect  the  image  of  the  fire  on  the  flap  of  a  bright  mahogany 
table,  a  spectator  suddenly  introduced  into  the  room  will  suppose 
the  file  to  be  on  the  table. 

If  two  large  concave  mirrors,  a  and  b,  be  placed  opposite  each 

other,  at  the  distance  of  several 
feet,  and  red-hot  charcoal,  or 
an  iron  ball,  be  put  in  the 
focus  D,  and  some  gunpowder 
p.    2^  in   the  other  focus   e,   it  will 

presently  take  fire.  This  ex- 
periment may  be  varied  by  placing  a  thermometer  in  one  focus 
and  lighted  charcoal  in  the  other,  and  it  will  be  seen  that  the 
quicksilver  in  the  thermometer  will,  rise  as  the  fire  increases,  though 
another  thermometer,  at  the  same  distance  from  the  fire,  but  not 
in  the  focus  of  the  glass,  will  not  be  afiected  by  it. 

At  the  Polytechnic  Institution  are  two  very  lai^  reflectors 
of  thb  kind :  they  are  placed  at  the  opposite  ends  of  the  long 
gallery,  80  or  100  feet  apart ;  a  fire  is  placed  in  the  focus  of 
one  and  a  chop  or  steak  in  the  focus  of  the  other,  and  the  meat 
is  cooked.  But  I  must  not  go  on  telling  you  about  the  reflec- 
tion of  heat,  for  light  is  our  present  subject. 

J,  I  have  seen  concave  glasses,  in  which  my  face  has  been 
rendered  as  long  as  my  arm,  or  as  broad  as  my  body :  how  are 
these  made  ? 

T,  These  images  are  called  anamorphoseSy  and  are  produced 
from  cylindrical  concave  mirrors ;  and  as  the  mirror  is  placed 
either  upright  or  on  its  side^  the  image  of  the  picture  is  distorted 
into  a  very  long  or  very  broad  image. 

In  the  cloister  of  Minims,  at  Paris,  there  are,  two  anamor- 
phoses traced  upon  two  of  the  sides  of  the  cloister,  one  repre- 
senting a  Magdalen,  and  the  other  St.  John  writing  his  Gospel. 
These,  when  viewed  directly,  seem  like  a  kind  of  landscape,  but, 
from  a  particular  point  of  sight,  they  appear  very  distinctly  like 
human  figures. 

Reflecting  surfaces  may  be  made  of  various  shapes,  and  if  a 
regular  figiu^  be  placed  before  an  irregular  reflector,  the  image 
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will  be  derorroed ;  but  if  an  object,  as  a  picture,  be  piunted  de- 
formed, acconlLDg  to  certain  rules,  Ihe  image  will  appear  regular. 
Such  figures  and  reSectors  are  sold  by  optidans,  and  lhe;f  serve 
to  astonish  those  who  are  ignorant  of  these  subjects ;  but  you 
will  readily  comprehend  their  nature  from  what  baa  just  oeeQ 
remarked. 


CONVERSATION  XV. 

Of  the  Different  Paris  of  the  Eye. 

C.  Will  you  now  describe  the  nature  and  construclion  of  the 
telescope  ? 

T.  I  think  it  will  be  better  first  to  explain  the  several  parts  of 
the  eye,  and  ibe  nature  of  vision  in  the  simple  state,  before  we 
treat  of  those  iiislrumenls  which  are  desi§:ned  to  assist  it. 

</.  I  once  saw  a  bullock's  eye  dissected,  and  was  .told  that  it 
was  analogous  to  the  human  eye  in  its  several  parts. 

T.  The  eye,  when  taken  from  the  socket,  is  of  a  globular 
form,  and  it  is  composed  of  three  coats  or  skins,  and  three 
other  substances  called  humours.  The  first  figure  represents 
the  section  of  an  eye,  that  is,  an  eye  cut  down  tim  middle ;  and 
the  second  fbe  front  view  of  an  eye  as  it  appears  in  the  liead. 
The  estemal  coat,  which  is  represented  bj  the  ouler  circle 
A  B  c  D  K,  is  called  the  sclerotica ;  ibe  front  oart  of  this,  namely 
c  »  »,  is  perfectly  transparent,  and  is  called  the  com«o ;  beyond 
this,  towards  B  and  £,  it  is  white,  and  called  the  white  of  tbe 


Fig.  25.  Jig.  M. 

eye.  The  nest  coat,  which  is  rejB*sented  by  the  second  circle, 
b  called  the  choroidee. 

J.  This  circle  does  not  go  all  round. 

T,  No  :  the  vacant  space  a  6  is  that  which  we  call  the  pupil, 
and  through  this  alone  the  light  is  allowed  to  enter  tile  eye. 

C.  Wiiat  do  you  call  that  part  which  is  of  a  beautil'ul  blue  in 
some  persons,  and  ia  others  brown  or  almost  black! 
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T,  That,  as  a  c,  5  a,  is  part  of  the  choroides,  and  is  called  tbe 
iris, 

C,  The  iris  is  sometimes  much  larger  than  it  is  at  another. 

T.  It  is  composed  of  a  sort  of  network,  which  contracts  or 
expands,  according  to  the  force  of  the  light  in  which  it  is  placed. 
Let  James  stand  in  a  dark  comer  for  two  or  three  minutes ;  now 
look  at  his  eyes. 

C.  The  iris  of  each  is  very  small,  and  the  pupil  large. 

T.  Now  let  him  look  steadily,  rather  close  to  the  candle. 

0.  The  iris  is  consideraWy  enlarged,  and  the  pupil  of  the  eye 
is  but  a  small  point  in  comparison  of  what  it  was  before. 

T.  Did  you  never  feel  uneasy,  after  sitting  some  time  in  4e 
dark,  when  candles  were  suddenly  brought  into  the  room  ? 

J.  Yes  :  I  remember,  last  Friday  evening,  we  had  been  sitting 
half  an  hour  almost  in  the  dark,  at  Mr.  Webb's,  and,  when  candles 
were  introduced,  every  one  of  the  company  complained  of  the  pain 
which  the  spdden  light  occasioned. 

T,  By  sitting  so  long  in  the  dark,  the  iris  was  contracted 
very  much :  of  course,  the  pupil  being  very  large,  more  light 
was  admitted  than  it  could  well  bear;  and,  therefore,  till  time 
was  allowed  for  the  iris  to  adjust  itself,  the  uneasiness  would  be 
felt. 

C.  What  do  you  call  the  third  coat,  which,  from  the  figure, 
appears  to  be  still  less  than  the  choroides  ? 

T.  It  is  called  the  retina^  or  network,  which  serves  to  receive 
the  images  of  objects  produced  by  the  refraction  of  the  different 
humours  of  the  eye,  and  painted,  as  it  were,  on  the  surface. 

C.  Are  the  humours  of  the  eye  intended  for  refracting  the  rays 
of  light,  in  the  same  manner  as  glass  lenses  ? 

T.  They  are  ;  and  they  are  called  the  vitreous^  the  crystalline^ 
and  the  aqueous  humours.  The  vitreous  humour  fills  up  all  the 
space  z  2,  at  the  back  of  the  eye ;  it  is  nearly  of  the  substance  of 
melted  glass.  The  crystalline  is  represented  by  d  /,  in  the 
shape  of  a  double  convex  lens,  and  the  aqueous,  or  watery  humour 
fills  up  all  that  part  of  the  eye  between  the  crystalline  humour  and 
the  cornea  c  sc  d. 

J,  What  does  the  part  a  at  the  back  of  the  eye  represent  ? 

T.  It  is  the.  optic  nerve,  which  serves  to  convey  to  the  brain 
the  sensations  produced  on  the  retina. 

C,  Does  the  retina  extend  to  the  brain  ? 

T,  It  does  :  and  we  shall,  when  we  meet  next,  endeavour  to 
explain  the  ofiice  of  these  humours  in  effecting  vision.  In  the 
mean  time  I  would  request  you  to  consider  again  what  I  have  told 
you  of  the  different  parts  of  the  eye ;  and  examine,  at  the  same 
time,  the  last  two  figures. 
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J,  We  will :  but  you  have  said  nothing  about  the  uses  of  the 
eyebrows  and  eyelashes. 

T,  I  intended  to  have  reserved  this  to  another  opportunity; 
but  I  may  now  say,  that  the  eyebrows  defend  the  eye  from  too 
strong  a  light ;  and  they  preserve  the  eyes  from  injuries  by  the 
sliding  of  substances  down  the  forehead  into  them. 

The  eyelids  act  like  curtains  to  cover  the  eyes  during  sleep ; 
to  protect  them  from  accidental  violence;  to  exclude  the  light 
when  most  offensive ;  and,  when  we  are  awake,  they  diffuse  a 
fluid  over  the  eye,  which  keeps  it  clean,  and  well  adapted  for 
transmitting  the  rays  of  light. 

The  eyelashes,  in  a  thousand  instances,  guard  the  feye  from 
danger,  and  protect  it  from  floating  dust,  with  which  the  atmo- 
sphere abounds.  So  mercifully  does  the  Author  of  Nature  provide 
against  injury  to  this  delicate  organ,  even  by  means  of  its  orna- 
mental appendages. 


CONVERSATION  XVI. 

Of  the  Eye  and  the  Manner  of  Vision^ 

C.  I  do  not  understand  what  you  meant,  when  you  said  the 
optic  nerve  served  to  convey  to  the  brain  the  sensations  produced 
on  the  retina. 

T,  Nor  do  I  pretend  to  tell  you  in  what  manner  the  image 
of  any  object  painted  on  the  retina  of  the  eye  is  calculated  to 
convey  to  the  mind  an  idea  of  that  object :  but  I  wish  to  show 
you,  that  the  images  of  the  various  objects  which  you  see  are 
painted  on  the  retina.  Here  is  a  bullock's  eye,  from  the  back  part 
of  which  I  cut  away  the  three  coats,  but  so  as  to  leave  the 
vitreous  humour  perfect:  I  will  now  put  against  the  vitreous 
humour  a  piece  of  white  paper,  and  hold  the  eye  towards  the 
window  :  what  do  you  see  ? 

J,  The  figure  of  the  window  is  drawn  upon  the  paper ;  but  it 
is  inverted. 

T,  Open  the  window,  and  you  will  see  the  trees  in  the  garden 
drawn  upon  it  in  the  same  inverted  state,  or  any  other  bright  ob- 
ject that  is  presented  to  it. 

C.  Does  the  paper  in  this  instance  represent  the  innermost  coat 
called  the  retina  ? 

T.  It  does ;  and  I  have  made  use  of  paper,  because  it  is  easily 
seen  through,  whereas  the  retina  is  opaque  :  transparency  would 
be  of  no  advantage  to  it.  The  retina,  by  means  of  the  optic  nerve, 
is  extended  to  the  brain,  or,  in  other  words,  the  retina  is  an 
extension  of  the  optic  nerve. 
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J.  And  doee  it,  as  one  may  say,  rairy  to  the  braia  the  sen 
of  every  object  that  is  painted  on  the  retina  ? 

T.  sat  it  should  seem;  for  we  have  an  idea  of  whatever  i> 
drawn  upon  it.  I  direct  my  cyua  to  you,  and  the  image  of  yosr 
pcnon  is  painted  on  the  retina  of  my  eye,  and  I  say  I  see  yon. 
So  of  anything  else. 

C  You  said  the  rays  of  light  proeeedin^  from  external  ob- 
jects were  retracted  in  passing  through  the  difieient  humoon  of 
the  eye. 

T.  They  are,  and  converged  to  a  point,  or  there  would  be  no 
distinct  pit-ture  drawn  on  the  retina,  and,  of  course,  no  dbttnct 
idea  conveyed  to  the  mind.  I  will  show  what  I  mean  by«  £guie, 
t^ing  an  arrow  again  as  an  illustration. 

As  every  point  of  an  object  a  d  c  sends  out  rays  in  all  direc- 
dona,  some  rays,  from  each  point  on  the  side  neit  the  eye,  will 
fiill  upon  the  comea  between  x  and  y,  and,  by  passing  through 
the  humours  of  the  eye,  they  wilt  be  converged,  and  brought  to 
as  many  points  on  the  retina,  and  will  form  on  it  a  distinct  in- 
verted picture,  c  6  a,  of  the  object, 

J.  Tuis  is  done  iii  the  same  manner  as  you  showed  us  by  mean 
of  a  double  convex  lens, 

T.  All  three  of  the  humours  have  some  effect  in  refracting 
the  rays  of  light,  but  the  crystalline  is  the  most  powerful ;  and 
that  is  a  complete  double  convex,  lens :  and  you  see  the  rays 
from  i-  are  brought  to  a  point  at  u  ;  those  at  b  will  be  convei^^ 
at  h,  and  those  from  c  at  c  ;  and,  of  course,   the   intermediate 
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ones  lietween  a  and  b,  b  and  c,  will  be  fonned  between  a,  and  h, 
and  h  and  c.  Hence  the  object  becomes  visible  in  consequence  of 
its  image  bdi^  drawn  on  the  retina. 

C.  Since  the  image  is  inverted  on  the  retina,  howis  it  Umt-we 
see  things  in  the  proper  position  ? 

r.  This  is  a  proper  question,  but  one  that  is  not  very  readily 
answered.  It  is  well  known  that  the  sense  of  touch  or  feeling 
veiy  much  assists  the  sense  of  sight  ;■  some  painunga  are  so  ei- 
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quisitely  finished,  and  so  much  resemble  sculpture,  that  the  eye 
is  greatly  deceived  ;  we  then  naturally  extend  the  hand  to  aid 
the  sense  of  seeing.  Children,  who  have  to  learn  the  use  of  all 
their  senses,  make  use  of  their  hands  in  everything;  they  see 
nothing  which  they  do  not  wish  to  handle ;  and  therefore  it  is 
not  improbable  that,  by  the  sense  of  the  touch,  they  learn,  un- 
awares, to  rectify  that  of  seeing.  The  image  of  a  chair,  or  table, 
or  other  object,  is  painted  in  an  inverted  position  on  the  retina ; 
they  feel  and  handle  it,  and  find  it  erect ;  the  same  result  per- 
petually recurs,  so  that,  at  length,  long  before  they  can  reason  on 
the  subject,  or  even  describe  their  feeling  by  speech,  the  mverted 
image  gives  them  an  idea  of  an  erect  object. 

C,  I  can  easily  conceive  that  this  would  be  the  case  with 
common  objects,  such  as  are  seen  every  day  and  hour.  But 
will  there  be  no  difficulty  in  supposing  that  the  same  must  hapi>en 
with  regard  to  anything  which  I  had  never  seen  before  ?  I  never 
saw  ships  sailing  on  the  sea  till  within  this  month  ;  but  when  I 
first  saw  them,  they  did  not  appear  to  me  in  an  inverted  position. 

T.  But  you  have  seen  water  and  land  before,  and  they  appear 
to  you,  by  habit  and  experience,  to  be  lowermost,  though,  they 
are  painted  on  the  eye  in  a  different  position :  and  the  bottom 
of  the  ship  is  next  the  water,  and  consequently,  as  you  refer 
the  water  to  the  bottom,  so  you  must  the  hull  of  the  ship,  which 
is  connected  with  it.  In  the  same  manner  all  the  parts  of  a 
distant  prospect  have  a  natural  arrangement  with  respect  to  each 
other;  and,  therefore,  though  there  may  be  a  hundred  objects 
in  the  landscape  entirely  new  to  you,  yet,  as  they  all  bear  a  rela- 
tion to  one  another,  and  to  the  earth  in  which  they  are,  you  refer 
them,  by  experience,  to  an  erect  position. 

J.  How  is  it  that,  in  so  small  a  space  as  the  retina  of  the  eye, 
the  images  of  so  many  objects  can  be  formed  ? 

T,  Dr.  Paley*  tells  us,  "  the  prospect  from  Hampstead  Hill 
is  compressed  into  the  compass  of  a  sixpence,  yet  circumstantially 
represented.  A  stage-coach  approaching  you,  at  its  ordinary 
rate,  for  half  an  hour,  passes  in  the  eye  only  over  the  twelfth 
part  of  an  inch,  yet  the  change  of  place  is  distinctly  perceived 
throughout  its  whole  progress."  Now  what  he  asserts  we  all 
know  is  true  :  go  to  the  window,  and  look  steadily  at  the  prospect 
before  you,  and  see  how  many  objects  you  can  discern  without 
moving  your  eye. 

J,  I  can  see  a  great  number  very  distinctly  indeed ;  besides 
which  I  can  discern  others,  on  both  sides,  which  are  not  clearly 
defined. 

*  See  Foley's  Natural  Theology,  p.  35,  seventh  edition ;  or  p.  13  in  the  Analysis 
of  that  work  by  tkt  Author  of  thcie  IHalog%ie$, 
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C  I  have  another  difficulty ;  we  have  two  eyes,  on  both  of 
w  hich  the  images  of  objects  are  painted ;  bow  is  it  that  we  do 
not  see  every  object  double  ? 

T.  A  common  reply  to  this  question  would  have  been  to  say 
that  the  optic  nerves  are  so  framed,  that  the  corresponding  parts 
in  both  eyes  lead  to  the  same  place  in  the  brain,  and  excite  but 
one  sensation ;  but  there  are  certain  phenomena  in  the  physiology 
of  vision  that  have  been  long  overlooked,  although  obvious  to 
all,  which  are  opposed  to  so  hasty  a  decision — a  decision  which, 
after  all,  is  not  iu  conformity  with  the  fact.  The  subject  of 
binocular  vision  is  so  important,  that  we  must  devote  an  entire 
conversation  to  it,  and,  in  the  mean  time,  I  will  prepare  the 
means  of  illustration ;  and  I  think  you  will  then  agree  with 
me  in  wondering  that  facts  of  such  every-day  occurrence  as 
some  that  I  shall  show  you  are,  should  not  have  arrested  the 
minds  of  philosophers  until  Wheatstone  investigated  the  subject 
in  1838. 


CONVERSATION  XVII. 

Binocular  Vision. — The  Stereoscope, — The  Pseudoscope, 

T,  I  wish  to  prove  to  you  that  the  pictures  formed  on  the 
respective  retinae  of  our  two  eyes  are  not  always  similar ;  and 
that  what  we  see  is  not  one  of  these  pictures,  nor  the  other,  but 
an  effect  of  both.  I  have  here  a  small  disc  of  brass,  with  one  of 
the  faces  turned  in  the  lathe,  and  thus  presenting  a  bright  surface 
of  concentric  circles.  Take  this  in  your  hand,  and  stand  facing 
the  candle,  holding  the  disc  between  you  and  the  candle,  in  such 
a  manner  as  to  reflect  the  light  to  your  eye.  Now,  what  do 
you  see  ? 

O,  Dear  me!  it  looks  exactly  as  if  an  arrow  of  light  were 
thrust  through  the  centre  of  the  disc ;  and  one  half  seems  to  de- 
scend under  the  surface  of  the  disc,  while  the  other  half  rises  as 
much  above.  I  can  hardly  persuade  myself  that  the  disc  is  not 
actually  pierced  by  the  ray. 

T.  Now  close  the  right  eye,  and  tell  me  what  you  see :  then 
close  the  left  in  like  manner. 

Q.  I  now  see  that  the  ray  of  light,  instead  of  piercing  the  disc, 
lies  flat  across  it  in  each  case. 

T.  If  you  look  more  closely,  you  will  see  that  the  ray  seen  by 
the  right  eye  lies  across  in  a  different  direction  to  that  seen  by  the 
left.  In  fig.  28  a  will  represent  the  direction  of  the  ray  seen  by 
the  right  eye,  and  h  that  seen  by  the  left. 

When  both  eyes  are  open,  the  impression  produced  on  the 
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brain  by  these  ti/»'0  different  reflections  is  that  of  a  ray  piercing 
the  surface. 


Fig.  28. 

J,  In  this  case,  seeing  is  not  believing,  and  two  eyes  are  not 
to  be  relied  on  so  much  as  one. 

T.  Not  so  fast.  We  will  look  at  something  else,  and  you  will 
find  the  value  of  having  a  pair  of  eyes.  Take  this  cube^  one  face 
of  which  I  have  painted  black,  and  place  it  directly  before  you  six 
or  eight  inches  from  the  eyes,  and  with  thd  black  face  to  your 
right  hand.  Now  cover  your  right  eye,  and  move  your  head  till 
you  just  lose  sight  of  the  black  face.  Having  done  this,  cover  the 
left  eye  and  open  the  right,  not  moving  your  head. 

J.  I  can  now  see  the  black  face  again  ;  and  I  observe  that  the 
perspective  view  of-  the  cube  is  different  according  as  I  view  it 
with  one  or  other  eye. 

T.  It  is :  in  either  case,  you  see  a  simple  perspective  view  of 
the  object ;  and  it  is  the  combination  of  these  two  perspectives 
which  represents  to  the  brain  the  solid  object. 

C.  Then  the  Cyclops,  with  his  one  eye,  could  not  tell  whether 
an  object  was  solid  or  not  ? 

T.  Not  by  a  single  observation,  but  he  would  move  his  head, 
and  make  two  observations ;  and,  if  the  perspectives  did  not 
agree,  he  would  then  know  it  was  a  solid. 

C.  Then  this  is  why  the  solids  in  our  geometry  books  never 
look  really  solid ;  they  seem  make-believes.  They  are  drawn  in 
perspective,  but  there  is  not  a  different  perspective  for  each  eye  ; 
there  is  but  one  for  both  eyes. 

T,  True ;  for  to  use  Wheatstone's  words,  "It  is  impossible 
for  an  artist  to  give  a  faithful  representation  of  any  near  solid 
object,  that  is,  to  produce  a  painting  which  shall  not  be  distin- 
guished in  the  mind  from  the  object  itself." 

J.  I  have  been  looking  at  the  house  on  the  distant  hill,  first 
with  one  eye  and  then  with  the  other,  and  see  no  diflerence  in 
the  perspective ;  and  yet  I  know  it  is  a  solid  body. 

T.  But  this  sight  of  it  has  not  taught  you  of  its  solidity.  As 
far  as  you  know  from  what  you  see,  it  may  be  merely  a  ^uvt\%N% 


348 


OPTICS. 


on  a  flat  surface ;  but  from  your  own  previous  knowledge  of  the 
nature  of  houses,  and  from  having  visited  with  me  that  particular 
house,  you  know  what  you  see. 

I  will  now  show  you  Wheatstone*s  stereoscope ;  and  you 
will  be  prepared  to  understand  the  princij»les  on  which  it  is  con- 
structed. There  are  two  forms,  the  refracting-  and  the  reflecting ; 
the  former  suited  for  small  subjects  alone  ;  the  latter  applicable 
to  large  subjects.     We  will  begin  with  the  former.     It  consists 

(fig.  29)  of  a  base,  a,  6  in.  by  4  in., 
on  which  stands  an  upright  partition, 
b,  5  in.  high,  and  wnich  can  be  ex- 
tended by  means  of  a  slide,  c.  It 
supports  a  board,  d,  corresponding 
with  the  base,  having  two  aper- 
tures, e  and  /,  one  on  each  side, 
and  2^  in.  apart,  to  correspond 
with  the  distance  of  the  eyes ; 
small  prisms  are  in  these  apertures ; 
or  lenses.  When  the  instrument 
is  constructed  without  the  parti- 
tion, the  upper  part  is  otherwise 
Fig'  29.  supported.      Sometimes,   the  whole 

i»  enclosed  in,  and  a  flap  is  raised  at  one  side  to  admit  the  light 
Very  marvellous  effects  are  produced  by  this  simple  instrument, 
to  some  of  which  I  will  refer.  Fig.  30  represents  perspective 
drawings  of  the  cube,  as  it  appears  to  each  eye;  a  being  the 
appearance  presented  to  the  right  eye,  and  b  that  presented  to 
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Fig.  30. 

the  left.  If  these  are  duly  placed  in  the  stereoscope  (fig.  29),  a 
at  ^,  and  b  at  h,  so  that  the  right  eye  regards  its  own  perspective 
view,  and  the  left  its  ovra,  the  effect  produced  will  be  as  if  the 
real  cube  were  before  the  eyes.  If  two  circles,  with  diagonals 
similar  to  those  in  fig.  28,  are  placed  in  the  instrument,  me  re- 
sult will  be  a  disc  pierced  by  a  line,  in  the  same  manner  as  we  had 
imagined  the  brass  disc  to  have  been  pierced  by  a  ray  of  light. 

C,  The  effect  is  indeed  surprising:  and  does  the  same  rule 
apply  to  all  other  cases  ? 
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T.  It  does :  all  that  is  necessary  is  to  make  correct  drawings 
of  the  respective  perspective  views  of  the  objects,  and  the 
effect  will  come  out  most  successfully.  I  have  here  a  large 
collection,  which  are  to  be  obtained  at  small  cost  ready"  pre- 
pared; some  being  of  the  more  simple  solids,  which  at  once 
tell  of  the  form  that  will  be  more  perfectly  revealed  by  the 
stereoscope;  others  of  a  more  complex  character.  Forms  to 
which  we  are  not  so  much  accustomed  are  not  easily  made  out 
of  themselves,  but  when  placed  in  the  stereoscope  become  solid 
realities. 

But  the  most  striking  of  all  objects  thus  viewed,  are  daguer- 
reotype pictures.  I  have  here  some  pairs  of  perspectives  of 
statues  and  portraits. 

J,  These  are  indeed  excellent:  in  this  of  the  Greek  Slave, 
which  was  so  much  admired  as  a  statue  at  the  Great  Exhibition, 
the  limbs  seem  actually  rounded ;  and  have,  from  two  somewhat 
obscure  looking  perspectives,  the  appearance  of  a  solid  statue. 

C  Why,  these  are  model  portraits  of  papa  and  mamma.  I 
can  actually  see  into  the  hat,  and  round  the  arm,  and  through 
the  hair :  and  the  bonnet  ribbon  seems  lifted  up,  and  the  curls 
are  quite  solid,  and  the  handkerchief  is  perfectly  transparent,  so 
that  the  dress  is  visible  beneath.  Papa's  fingers,  the  folds  of  his 
coat  and  waistcoat,  the  tie  of  his  cravat,  are  all  like  those  of  a 
living  statue;  and  I  can  actually  see  into  the  folds  of  lace  on 
mamma's  urists. 

T.  Pictures  of  this  kind  are  necessarily  the  very  best  objects 
for  this  interesting  instrument ;  for  there  can  be  no  errors  in 
their  perspective.  I  may  one  day  describe*  to  you  the  principles 
of  the  process  by  which  they  are  produced.  For  the  present  you 
have  merely  to  understand  that  a  silver  plate,  properly  prepared, 
is  placed  in  a  camera,  which  is  presented  to  the  person  or  object 
to  be  copied ;  and  a  change  speedily  occurs  on  the  plate,  which 
by  subsequent  treatment  reveals  a  portrait.  When  one  picture  is 
taken  the  camera  is  shifted,  and  then  another  is  taken.  For  a 
stereoscope,  having  a  focal  distance  of  eight  inches,  the  camera  is 
moved  18^,  or  the  twentieth  part  of  tne  circumference  of  the 
circle,  of  which  a  line  drawn  from  the  object  to  the  camera  is  the 
diameter. 

G,  And  what  is  the  reflecting  stereoscope? 

T,  In  principle  the  same,  but  in  construction  different :  it  is 
shown  ill  fig.  31.  Its  essential  parts  are  two  vertical  and  parallel 
boards  or  frames,  a  and  b,  to  hold  the  pictures,  c,  d ;  and  two 
plane  mirrors  a  and  b,  placed  at  right  angles  to  each  other  to 
reflect  the  pictures  to  the  eye.  The  rest  of  the  apparatus  consists 
*  SeeCfmveraatioaXXIV.,  ontheC^iemicalPropertiMofUcJtiV 
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merely  of  the  framework  and  adjustments.  The  eyes  are  applied, 
one  to  each  mirror ;  and  it  is  generally  better  to  attach  a  spectacle 
frame,  hy  with  a  pair  of  moderately  magnifying  lenses,  facing  the 
eyes.  All  the  phenomena  before  mentioned  are  equally  seen 
here :  but  the  former  arrangement  is  only  suited  to  small  objects, 
whereas  here,  from  the  nature  of  the  arrangements,  we  are  not 
limited  to  size;  and  hence,  I  can  show  you  some  magnificent 
pictures. 


Fig.  31. 

C.  How  beautiful !  I  see  a  perfect  model  of  the  transept  of 
the  Great  Exhibition.  The  famous  old  elm  stands  out  in  full 
relief;  the  statues  and  ornaments,  the  gates  and  fountains,  are 
all  so  naturally  placed  in  real  perspective,  that  were  I  to  have 
seen  this  before  having  had  the  secret  explained,  I  should  have 
thought  I  was  looking  on  a  small  and  most  perfectly  executed 
model. 

T,  The  pictures  in  the  present  instance  are  on  paper.  They 
are  sun-pictures,  taken  by  a  process  essentially  similar  to  the 
daguerreotype.  The  reflecting  stereoscope,  on  account  of  its 
properties,  and  the  extent  of  its  capabilities,  is  becoming  an  in- 
strument extremely  useful  to  the  architect  and  the  en^neer. 
Instead  of  the  expense  and  the  care  of  making  drawings  illus- 
trative of  the  progress  of  the  works,  it  is  now  merely  necessary 
to  take  sun-pictures  in  the  camera,  under  the  necessary  angles, 
and  place  them  in  the  stereoscope,  when  the  reality  of  the 
building  in  its  then  state  is  presented  to  the  eye.  This  plan  is 
being  adopted  by  Mr.  Vignoles,  the  celebrated  engineer,  in 
respect  to  the  wrought-iron  bar  chain  suspension  bridge,  in 
course  of  construction  at  KiefF  over  the  river  Dnieper,  by 
command  of  the  Emperor  of  Russia.  You  remember  seeing 
the  model  of  this  bridge  in  the  central  avenue  of  the  Great 
Exhibition:  it  is  engraved  at  p.  314  of  the  Illustrated  Cata- 
logue. The  Emperor  of  Russia  is  provided  with  a  reflecting 
stereoscope :  the  engineer  is  provided  with  two  first-class 
cameras,  and  an  experienced  manipulator.  Week  by  week  ha 
takes  sun-pictures  of  the  state  of  the  works,  and  sends  them,  in  a 
proper  state,  and  with  a  brief  description,  to  the  Emperor.     His 
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Imperial  Majesty  places  them  in  the  camera,  and  with  his  own 
eyes  sees  the  actual  state  of  things,  and  has  before  him  an  irre- 
sistible reply  to  all  that  his  courtiers  may  insinuate  against  the 
English  engineer. 

G.  Capital !  how  many  uses  can  be  made  of  this  simple  instru- 
ment !  I  am  quite  sure  the  eleventh  book  of  Euclid  would  have 
been  much  more  easy  to  me,  had  I  had  stereoscopic  views  of  the 
figures.     They  plagued  me  very  much. 

T,  There  are  some  curious  deceptions  presented  by  some 
forms  of  regular  solids ;  and  they  command  our  attention  now, 
as  we  are  upon  the  subject  of  vision.  Look  attentively  at  the 
figure  30,  a,  and  you  will  observe  it  change ;  you  will  at  times 
observe  the  coi*ner  a;  to  be  the  nearest  to  you,  and  the  figure  at 
that  time  will  be  like  as  if  you  could  see  the  lower  surface  of 
the  base ;  if  you  continue  to  look,  the  figure  will  on  a  sudden 
appear  to  turn  inside  out,  the  comer  x  will  seem  to  belong  to 
the  distant  side,  and  be  one  comer  of  the  square  base,  on  which 
the  figure  will  then  seem  to  rest ;  and  what  is  the  more  re- 
markable, these  changes  cannot  be  called  forth  at  pleasure,  but 
will  come  and  go,  independently  of  any  wish  of  yours  to  the 
contrary.  This  delusion  only  occurs  with  regular  forms,  ot 
which  both  arrangements  are  familiar,  and  can  be  realised  by  the 
mind ;  and  only  in  linear  figures,  as  the  mere  presence  of  shade 
at  once  identifies  which  of  the  two  forms  is  intended,  and  dispels 
the  illusion. 

J,  While  I  have  been  listening  to  you,  I  inadvertently  placed 
the  forms,  a  and  6,  fig.  30,  in  the  wrong  places  in  the  stereoscope, 
and  was  not  aware  of  it,  until  I  looked  through  at  them  in  the 
expectation  of  finding  as  before  a  solid  cube,  when  to  my  surprise 
I  saw  a  p3rramid,  with  a  small  piece  cut  off  the  top. 

1\  This  is  as  it  should  be.  For  a  frustmm  of  a  pyramid 
viewed  with  either  eye  would  give  you  for  each  eye  perspectives 
such  as  you  have ;  viz.  for  the  lefl  eye  a  figure  similar  to  that  of 
a  cube  seen  with  the  right  eye,  and  for  the  right  eye,  one  similar 
to  a  cube  seen  with  the  left  eye ;  and  the  cause  of  this  altemation 
is,  that  the  parts,  which  at  first  seemed  near,  now  seem  remote, 
and  the  remote  seem  near. 

C,  I  can  quite  understand  what  you  just  now  said  about  the 
effect  of  shade.  I  have  a  machine-engraving  of  a  medallion  of 
one  of  the  popes  :  when  I  look  at  it  with  the  lamp  on  the  right 
side,  it  seems  to  be  a  medallion ;  but  when  I  place  the  lamp  on 
the  left,  it  appears  to  be  intaglio,  or  sunk  in.  PJ^othing  alters,  as 
far  as  the  picture  is  concemed ;  but  as  a  medallion,  its  light  and 
shade  correspond  with  what  is  tme,  when  the  light  is  on  the  right 
hand ;  but  with  the  light  on  the  left,  they  could  only  be  trvi<^  <5^^ 
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an  intaglio.     And  this  makes  me  think  that  the  eye  and  iSt^wd 
are  both  concerned  in  the  act  of  seeing. 

T.  They  are,  as  you  will  have  half  discovered  from  some  of  ii 
other  experiments. 

C.  I  think  I  shall  make  myself  a  stereoscope  of  card  and  wad, 
with  two  holes  to  look  through.  I  shall  not  want  any  pram* 
lenses,  for  my  eyesight  is  very  good. 

T.  You  may  perhaps  succeed,  and  perhaps  not.     Some  em 
will  much  more  readily  adjust  themselves  to  circiunstaDoes  tw 
others,  and  some  will  not  at  all.     I  can  see  without  lenaetyW 
not  at  first.     When  I  begin  to  look,  I  see  the  two  pictures ;  bit 
after  a  little   attentive   looking,  they  gradually   superpose  vA 
coalesce,  and  the  solid  is  revealed,    ^he  sole  use  of  the  lenoi 
is  to  render  the  rays  of  light  parallel,  which  it  is  necessary  tfa^ 
should  be,  for  distinct  vision,  when  the  optic  axes  are  parallel|  ai 
in  this  case  they  are,  the  centres  of  the  pictures  being  about  tf 
far  apart  as  are  the  two  eyes.     Prisms  deflect  the  rays  of  ligkt 
that  proceed  from  the  pictures,  so  as  to  make  theni  appear  to 
occupy  the  same  place.     Semi-lenses^  with  their  edges  directed 
towards  each  other,  as  have  been  used  by  Sir  David  Brewsttf, 
serve  both  to  displace  the  pictures,  and  also  to  render  the  rays 
less  convergent.     Lenses  and  prisms  united  enable    us   to  see 
pictures  that  are  somewhat  wider  from  centre  to  centre  than  the 
width  between  the  eyes. 

If  the  frames  which  hold  the  pictures  in  the  reflecting  stereo- 
scope (fig.  31)  are  on  arms  e/,  movable  about  a  centre  g^  we  can 
see  how  much  the  direction  of  the  lines  is  connected  with  bino- 
cular vision.  If  the  arms  are  moved  back,  although  the  distance 
of  the  pictures  from  the  mirrors  remains  the  same,  the  size  becomes 
greater  to  the  eyes  ;  if  they  are  moved  forwards,  the  size  becomes 
smaller.  In  either  case,  tne  position  of  the  picture  reflected  in 
the  mirror  is  altered,  so  that  in  the  former  case,  the  lines  converge 
less  than  for  the  true  view ;  and  in  the  latter  case  they  converge 
more. 

C.  But  I  cannot  see  how  this  is  to  magnify  or  to  diminish  the 
picture.  If  I  stand  at  one  end  of  the  study,  and  look  at  my 
cricket-ball  on  the  table  at  the  other  end,  two  lines  drawn  from 
my  eyes  to  the  ball  are  nearly  parallel ;  if  I  go  to  the  middle  of 
the  room,  the  lines  converge  or  slope  towards  each  other,  but  the 
ball  seems  no  bigger ;  it  is  nearer. 

T.  Just  so ;  but  in  the  stereoscope,  when  you  move  back  the 
arms,  the  lines  from  your  eyes  converge ;  but  the  pictures  do  not 
get  nearer,  and  thus  you  have  the  effect  of  increas^  size,  without 
the  information  to  help  you,  as  in  the  case  of  the  ball,  that, 
although  it  seems  larger,  it  is  not  so,  but  is  nearer. 
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I  could  tell  you  of  many  curious  effects  connected  with  the 
relative  convergence  of  the  optic  axes,  but  must  content  myself 
¥nth  describing  to  you  an  iastrument  which  Mr.  Wheatstone  has 
invented,  and  which  he  has  termed  a  Fseudoscom,  on  account 
of  the  false  perceptions  it  conveys  to  the  mind.  You  have  seen, 
in  regard  to  your  ball,  that  the  impression  on  your  mind  of  its 
real  magnitude  is  the  same,  whether  it  be  far  or  near,  for  the 
size  of  the  picture  drawn  on  the  retina  of  the  eye  (fig.  27)  is 
larger  as  the  axes  converge  more,  and  there  is  a  constant  relation 
between  the  two.  The  pseudoscope  is  so  constructed  that  as  an 
object  becomes  nearer,  its  larger  picture  on  the  retina  is  accom- 
panied by  a  less  convergence  of  the  optic  axes,  instead  of  a  greater ; 
or,  when  regarding  two  objects,  at  no  great  distance  from  the  eye, 
but  the  one  nearer  than  the  other,  the  nearer  will  appear  the  more 
distant.  I  will  first  describe  to  you  the  pseudoscope ;  and  then, 
after  having  shown  you  some  of  its  effects,  will  endeavour  to 
explain  its  modus  operandi. 

Fig.  32.  represents  the  pseudoscope.  It  consists  essentially  of 
a  pair  of  rectangular  prisms  a  and  by  fitted  into  frames  c  rf,  so 
that  the  parallel  sides  e  and  /,  are  about  2^  in.  apart ;  the  other 
faces  are  about  1^  in.  square.     The  frames  in  which  the  re- 
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spective  prisms  are  held  are  slightly  adjustible  on  centres  at  x, 
so  as  to  bring  the  objects  to  coincide.  On  looking  through  this, 
as  shown  in  the  figure  at  g  g,  the  inside  of  a  tea-cup  appears  as 
a  solid  convex  body ;  coloured  flowers  in  relief  on  a  china  vase 
appear  as  if  stamped  in ;  a  small  terrestrial  globe  appears  like 
a  glass  globe,  with  a  hemisphere  drawn  on  its  further  and  concave 
surface ;  and  if  then  the  globe  is  revolved,  fresh  portions  of  the 
surface  seem  to  come  from  nowhere,  and  to  go  to  nowhere. 

C.  I  cannot  see  anything  different  in  the  tea-cup.  Oh  !  there 
it  is ;  it  seemed  on  a  sudden  to  turn  inside  out^  and  jump  towards 
me. 

T,  This  is  generally  the  case.    The  real  impression  on  the  mvad. 
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is  so  strong,  that  it  will  not  readily  give  place  to  the  impressions 
actually  on  the  retinae ;  and  with  some,  the  relation  between  the 
susceptibility  of  the  retinae  and  the  tenacity  of  the  mind  is  such 
that  the  efifect  cannot  be  at  all  caught. 

These  conversions  of  relief  only  occur  with  objects  whose  re- 
verses have  a  meaning ;  and  they  do  not  occur  at  all  if  the  object 
presents  light  and  shade,  because  then  one  set  of  sigrns  neutralises 
and  sets  aside  the  other.  In  order  that  more  remote  objects  shall 
appear  nearer,  they  must  be  viewed  isolated  from  all  extraneous 
things,  or  these  will  reveal  more  strongly  the  true  state  of  the 
case  than  the  pseudoscope  will  the  converse.  An  object  on  a 
wall  appears  behind  it.  The  branches  of  a  plant  that  are  farthest 
from  the  eye  seem  nearest,  and  the  whole  plant  seems  broken  up 
and  cut  in  a  most  extraordinary  way,  but  in  strict  accordance  witn 
rule. 

(7.  You  have  placed  the  plant  on  the  table,  behind  the  lamp ; 
but  its  branches,  especially  the  top  ones,  seem  nearer  to  me  than 
B  the  lamp  ;  and  the  more  so,  as  I  avoid  looking  at  the 

foot ;  in  the  latter  case,  the  true  state  of  things  is 
revealed  by  the  table-cover,  and  other  things. 

T,  Yes ;  and  if  you  notice  as  I  move  the  plant 
nearer,  it  will  present  two  contradictory  effects ;  it 
will  seem  to  go  further  off,  and  yet  to  become  larger ; 
for  as  the  object  becomes  nearer,  its  larger  picture 
on  the  retina  is  by  this  instrument  made  to  be  ac- 
companied by  a  less  and  not  a  greater  convergence 
of  the  optical  axis,  or  lines  from  each  eye.  For  the 
lines  drawn  from  the  object  on  entering  the  prism 
suffer  refraction,  or  are  bent  inwards ;  they  are  then 
reflected  by  the  inner  face  of  the  prism  and  pass  on 
to  the  eye,  and  on  leaving  the  pnsm  are  bent  out- 
wards. The  final  result  of  these  refractions  and 
reflections  is  that  the  lines  which  converge  most,  on 
entering  the  prism,  converge  least  on  leaving  it,  and 
vice  versa. 

The  diagram  (fig.  33)  will  help  vou  to  remember 

what  is  meant  by  convergence  of  tfce  optic  axis,  and 

by  the  greater  or  less  angles  under  which  nearer  or 

more  distant  objects  are  viewed.     Let  b  and  l  be 

the  right  and  left  eyes,  and  a  and  b  two  objects,  the 

one  near,  the  other  more  remote.     The  lines  drawn 

from  the  two  eyes  converge  and  make  a  larger  angle 

^        CS  at  the  nearer  object  a  ;   and  converge  and  make  a 

*   much  smaller  angle  at  the  more  distant  object  b. 

Hg.  33.      YoM.  may  consider  that  the  action  of  the  pseudoscope 
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is  as  if  the  line  b  b  is  made  to  assume  the  direction  b  a  Ijefore 
entering  the  eye ;  and  the  line  n  a  to  assume  the  directiao  b  b. 

You  may  from  the  same  diagram  see  the  value  of  two  eyes 
in  order  to  give  an  idea  of  solidtlj/  and  of  distance.  If  a  were 
a  small  solid,  one  eye,  i,,  could  only  see  one  ond  of  it  j  but  the 
other  eye,  b,  could  see  a  side  as  well  as  a  portion  of  one  end,  as 
shown  by  the  dotted  line  ;  and  this  twofold  evidence  povcs  the 
solidity.  In  regard  to  distance,  if  a  and  b  were  Irath  some  dis- 
tance off,  it  would  not  be  easy  with  one  eye,  l,  to  discover  which 
were  the  more  distant ;  but,  as  soon  as  the  evidence  of  the  other 
eye,  b,  is  obtained,  b  ie  at  once  proved  to  be  the  more  distant. 


CONVERSATION  XVIIL 

0/  Spectaclee,  and  of  their  Uses. 
C.  Why  do  people  wear  spectacles? 
T.  To  assist  the  sight,  wnich  may  be  defective  from  various 

the  humours  lose  part  of  their  transparency,  and  on  that  account 
mudt  light  that  enters  the  eye  is  intercepted  and  lost  in  the  pas- 
si^,  and  every  object  appears  dim.  Without  light,  the  eye 
would  be  a  useless  machine.  Spectacles  are  intended  to  collect 
the  light,  or  to  brii^  it  to  a  proper  degree  of  convergency. 

C.  Are  spectflclc^lasses  always  convei? 

T.  No :  tney  are  convex  when  the  eyes  are  too  flat ;  but,  if  the 
eyes  are  already  very  convei,  then  concave  glasses  are  used.  You 
know  the  properties  of  a  convex  glass  ? 

J.  Yes ;  it  makes  the  rays  of  light  converge  sooner  than  they 
would  without. 

T.  Suppose,  then,  a  person  is  unable  to  see  objects  distinctly, 
owing  to  the  cornea  en,  or  to  the  crystalline  humour  i,  or  both, 


Fir.31. 
being  loo  flat.     The  focus  of  rays  pwieeding  from  any  object, 
x,  will  not  be  on  the  retina,  where  it  ought  to  be,  but  at  i, 
beyond  it. 
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C.  How  can  it  be  bejond  the  eye  1 

T.  The  focus  would  be  beynod  the  organ  of  vision  if  there 
were  anything  to  rec«ve  it;  as  it  is,  the  ruys  flowing  from  x  will 
not  unite  at  <i,  so  as  to  render  vision  distinct.  To  remedy  this,  a 
oonvex  glass  m  n  ie  placed  between  the  object  and  the  eye,  by 
means  ot  which  tlie  rays  are  brought  to  a  tocus  sooner,  and  tbe 
image  ia  fonned  at  d. 

J.  Now  I  see  tbe  reason  why  people  are  obliged,  sometimes,  to 
make  trial  of  many  pairs  of  spectacles  before  ihcy  get  tluee  that 
will  euit  tbem.  They  cannot  tell  exactly  what  degree  of  con- 
vexity is  necessary  to  bring  the  focus  iust  to  the  retina. 

T.  That  is  right ;  for  the  shape  of^the  eye  may  vary  as  much 
as  that  of  their  countenance ;  of  course,  a  pair  of  spectacles  tliat 
might  suit  you,  would  not  be  adapted  to  another  whose  eyes 
should  require  a  similar  aid. — What  is  the  property  of  concate 
glasses? 

C.  They  cause  the  rays  of  light  to  diverge. 
T.  Then  for  very  round  and  globular  eyes  these  will  be  useful, 
because,  if  the  cornea  c  i>,  or  crystalline  humour,  h,  be  loo  con- 
vex, the  rays  flowing  from  x  will  unite  into  a  focus  before  they 

C.  If  the  sight  then  depends  on  sensations  produced  on  the 
retina,  such  a  person  will  not  see  the  object  at  all,  because  the 
image  of  it  does  not  reach  the  retina. 

T.  True ;  but  at  z  the  rays  cross  one  another,  and  pass  on  to 
the  retina,  where  they  will  produce  some  sensations,  but  not 
those  of  distinct  vision,  because  they  are  not  brought  to  a  focus 
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there.  To  remedy  this,  the  concave  glass  m  n  is  interposed  be- 
tween the  object  and  the  eye,  which  causes  the  rays  coming  to 
the  eye  to  diverge :  and,  being  more  divergent  when  they  enter 
the  eye,  it  requires  a  veiy  conves  cornea  or  crystalline  to  bring 
them  to  a  focus  at  the  retina. 

J.  I  have  seen  old  people,  when  examining  an  object,  hold  it  a 
good  distance  from  their  eyes. 

T.  Because,  their  eyes  being  too  flat,  the  focus  ie  thrown  be- 
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youd  the  eye,  and  therefore  they  hold  the  object  at  a  distance  to 
bring  the  focus  z,  in  the  last  figure  but  one,  to  the  retina. 

C.  Very  short-sighted  people  bring  objects  close  to  their  eyes. 

T,  Yes  ;  I  once  knew  a  young  man  who  was  apt,  in  looking  at 
bis  paper,  to  rub  out  with  his  nose  what  he  had  written  with  his 
pen.  In  this  case,  bringing  the  object  near  the  eye  produces  a 
similar  effect  to  that  produced  by  concave  glasses :  because, 
the  nearer  the  object  is  brought  to  the  eye,  the  greater  is  the 
angle  under  which  it  is  seen ;  that  is,  the  extreme  rays,  and,  of 
course,  all  the  others,  are  made  more  divergent. 

J,  I  do  not  understand  this. 

2\  Do  you  not  ?  Look,  then,  to  this  diagram,  in  which  let  e 
be  the  eye,  and  the  object  a  b  seen  at  z,  and  also  at  x,  double 


Fig.  36. 

the  distance ;  will  not  the  same  object  appear  under  different 
angles  to  an  eye  so  situated  V 

J,  Yes,  certainly ;  a  b  6  will  be  larger  than  c  b  c?,  and  will 
include  it. 

T,  Then  the  object  being  brought  very  near  the  eye,  has  the 
same  effect  as  magnifying  the  object,  or  of  causing  the  rays  to 
diverge ;  that  is,  though  a  h  and  c  d  are  of  the  same  lengths,  yet 
a  bf  being  nearest  to  the  eye,  will  appear  the  lai-gest. 

C,  You  say  the  eyes  of  old  people  become  flat  by  age  ;  is  that 
according  to  the  natural  course  of  things  ? 

2\  It  is ;  and  therefore  persons  who  are  very  short-sighted 
while  young,  will  probably  see  well  when  they  grow  old, 

J,  That  is  an  advantage  denied  to  common  eyes. 

T,  But  people,  blessed  with  common  sight,  should  be  thankful 
for  the  benefit  they  derive  while  young. 

J,  And  I  am  sure  we  cannot  too  highly  estimate  the  science  of 
optics,  that  aflfords  such  assistance  to  defective  eyes,  which,  in 
many  circumstances  of  life,  would  be  useless  without  them. 

T,  Spectacles  were  known  and  used  long  before  the  principle 
of  the  microscope  and  telescope  was  brought  into  action,  oal- 
vinus  Armatus,  a  nobleman  of  Florence,  claimed  the  honour  of 
the  invention  of  spectacles:  he  died  in  1317,  and  the  fact  was 
inscribed  on  his  tomb.  But  it  is  generally  believed  that  Alhazen 
Was  the  real  inventor,  50  or  60  years  prior  to  thb  period. 
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CONVERSATION  XIX. 

Of  ike  JRainJiow, 

T.  You  have  frequently  seen  a  rainbow  ? 

C  Oh,  yes ;  and  very  often  I  have  seen  two  at  the  same  time, 
one  above  the  other ;  the  lower  being  by  far  the  more  brilliant 

T,  This  is  one  of  the  most  beautiful  phenomena  in  nature; 
it  never  makes  its  appearance  but  when  a  spectator  is  ntuated 
between  the  sun  and  the  shower ;  and  it  depends  on  the  re- 
flection and  refraction  of  the  rays  of  the  sun  by  the  falling 
drops.  You  know  the  beauty  of  the  rainbow  consists  in  its 
colours.     I  will  show  you  the  colours  first  by  means  of  the 


nuet. 

Indigo. 

Blfu. 

Green. 

TeUow. 

Orange.. 

Bed. 
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prism.  If  a  ray  of  light  s  be  admitted  into  a  darkened  room, 
through  a  small  hole  in  the  shutter  x  y,  its  natural  course  is 
along  to  the  line  d  ;  but  if  a  glass  prism  a  c  be  interposed,  the 
whole  ray  will  be  bent  upwards  ;  and,  if  it  be  received  on  any 
white  surface,  as  m  n,  it  will  form  an  oblong  image  f  t,  the 
breadth  of  which  is  equal  to  the  diameter  of  the  hole  in  the  shutter. 

J.  But  how  is  the  light,  which  is  admitted  by  a  circular  hole 
in  the  window,  spread  out  into  an  oblong  figure  ? 

T.  If  the  ray  were  of  one  substance,  it  would  be  equally 
bent  upwards,  and  make  only  a  small  circular  image.  Since, 
therefore,  the  image  or  picture  is  oblong,  it  is  inferred,  that  it  is 
formed  of  rays  differently  refrangible,  some  of  w^hich  are  turned 
more  out  of  the  way,  or  more  upwards  than  others  :  those  wluch 
go  to  the  upper  part  of  the  spectrum  being  most  refrangiUe, 
those  which  go  to  the  lowest  part  are  the  least  refrangible ;  ih» 
intermediate  ones  possess  more  or  less  refrangibility,  according 
as  they  are  painted  on  the  spectrum.  Do  you  perceive  the  seven 
colours  ? 

C.  Yes ;  I  see  the  videty  indigo^  hlucy  greeriy  yellow,  orange^ 
and  red. 

T,  These  colours  will  be  still  more  beautiful,  if  a  convex  lens 


THE  RAINBOW.  .      359 

be  interposed,  at  a  proper  distance,  between  the  shutter  and  the 
prism :  you  may  easily  recollect  both  the  names  of  the  colours 
and  their  order,  by  forming  with  their  initials  the  mnemonic  word 
vihgyor, 

f/.  How  does  this  apply  to  the  rainbow  ? 

T,  Suppose  A  to  be  a  drop  of  rain,  and  s  (2  a  ray  from  the  sun, 
falling  upon  or  entering  it  at  d,  it  will  not  go  to  c,  but  be  refracted 
to  n,  where  a  part  will  go  out,  but  a  part  also  will  be  reflected  to 
q,  where  it  will  go  out  of  the  drop,  which,  acting  like  a  prism, 
separates  the  ray  into  its  primitive  colours :  the  violet  will  be 
uppermost,  the  red  lowermost. 


Fig.  38. 
In  the  above  cat  B  and  B'  represent  red  rays ;  and  V  and  V  vioUt  rays. 

(7.  Is  this  always  the  case,  be  the  sun  either  high  or  low  in  the 
heavens  ? 

T.  It  is  ;  but  the  situation  of  the  rainbow  will  vary,  according 
as  the  sun  is  high  or  low  ;  that  is,  the  higher  the  sun,  the  lower 
will  be  the  rainbow :  a  shower  has  been  seen  on  a  mountain  bv  a 
spectator  in  a  valley,  by  which  a  complete  circular  rainbow  has 
been  exhibited. 

J.  And  I  once  remember  standing  on  Morant's  Court  Hill,  in 
Kent,  when  there  was  a  heavy  shower,  while  the  sun  shone  very 
bright,  and  all  the  landscape  beneath,  to  a  vast  extent,  seemed  to 
be  painted  with  the  prismatic  colours. 

(J,  You  have  not  explained  the  principles  of  the  upper  or 
fainter  bow. 

T.  This  is  formed  by  two  refractions  and  two  reflections; 
suppose  the  ray  t  r  to  be  entering  the  drop  b  at  r.  It  is  re- 
fracted at  r,  reflected  at  s^  reflected  again  at  t,  and  refracted  as  it 
goes  out  at  u^  whence  it  proceeds  being  separated,  to  the  spectatcic 
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at  g.    Here  the  colours  are  reversed ;  the  ^ngle  formed  by  the 
red  ray  is  less  than  that  formed  by  the  violet. 

J,  Does  the  same  thing  hap|)en  with  regard  to  a  whole  shower, 
as  you  have  shown  with  respect  to  the  two  drops  ? 

T,  Certainly;   and  by  the  constant  falling  of  the   rain,  the 

g -^'sst~>>5»iMg=^^  image   is   preserved   constant 

"^^^^^^^  and  perfect.     Here  is  the  re- 

'  •""""''■""■""^^^^^^^^^/^        presentation  of  the  two  bows. 

C  .ai^ ^^^^ifrTn            ^   m  ^^  come  in  the  direction 

j^^zllWJll m_m       g  ^^  j^jid  the  spectator  stands 

Ftg.  39.  at  E,  with  his  back  to  the  sun, 

or,  in  other  words,  he  must  be  between  the  sun  and  the  shower. 

This  subject  may  be  shown  in  another  way  ;  if  a  glass  globule 
filled  with  water  be  hung  sufficiently  high  before  you,  when  the 
sun  is  behind,  to  appear  red,  let  it  descend  gradually,  and  you 
will  see  in  the  descent  all  the  other  six  colours  follow  one 
another.  Artificial  rainbows  may  be  produced  with  a  common 
watering-pot,  but  much  better  with  a  syringe  fixed  to  an  arti- 
ficial fountain ;  and  I  have  seen  one  formed  by  spirting  up  water 
from  the  mouth :  it  is  often  seen  in  cascades,  the  foaming  of  the 
waves  of  the  sea,  in  fountains,  and  even  in  the  dew  on  the  grass. 

Dr.  Lang  with  has  described  a  rainbow,  which  he  saw  lying  on 
the  ground,  the  colours  of  which  were  almost  as  lively  as  those  of 
the  common  rainbow.  It  was  extended  several  hundred  yards ; 
and  the  colours  were  so  strong,  that  it  might  have  been  seen 
much  farther,  if  it  had  not  been  terminated  by  a  bank,  and  the 
hedge  of  a  field. 

Rainbows  have  also  been  produced  by  the  reflection  of  the  sun's 
beams  from  a  river ;  and  Mr.  Edwards  describes  one  which  must 
have  been  formed  by  the  exhalations  of  the  city  of  London,  as 
the  sun  had  set  twenty  minutes. 


CONVEBSATION  XX. 

Of  the  Refracting  Telescope. 

T,  We  may  now,  as  you  are  at  leisure,  proceed  to  describe  the 
structure  of  telescopes,  of  which  there  are  two  kinds,  viz.  the 
refracting  and  the  reflecting  telescope. 

C,  The  former,  or  refracting  telescope,  depends,  I  suppose, 
upon  lenses  for  the  operation ;  and  the  reflecting  telescope  acts 
chiefly  by  means  of  mirrors, 

T.  Yes  :  these  are  the  general  grounds  of  the  distinction ;  and 
we  shall  devote  this  morning  to  the  explanation  of  the  refracting 
telescope.    Here  is  one  completely  fitted  up. 
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J".  It  consists  of  two  tubes  and  two  glasses. 

T.  The  tubes  are  intended  to  hold  the  glasses,  and  to  confine 
the  boundaiy  of  the  view.  I  will  therefore  explain  the  principle 
by  the  following  figure,  in  which  is  represented  the  eye  A  b,  the 


Fig.  40. 

two  lenses  mn  o  p,  and  the  object  x  y.  The  lens  o  p,  which 
is  nearest  the  object,  is  called  the  object-glass,  and  that  m  w, 
nearest  to  the  eye,  is  called  the  eye-glass. 

C.  Is  the  object-glass  a  double  convex,  and  the  eye-glass  a 
double  concave  ? 

T,  It  happens  so  in  this  particular  instance,  but  it  is  not  neces- 
sary that  the  eye-glass  should  be  concave ;  the  object-glass  must, 
however,  in  all  cases,  be  convex. 

C,  I  see  exactly,  from  the  figure,  why  the  eye-glass  is  concave  ; 
for  the  convex  lens  converges  the  rays  too  quickly,  and  the  focus 
by  that  glass  alone  would  be  at  e  ;  and  therefore  the  concave  is 
put  near  the  eye  to  make  the  rays  diverge  so  much  as  to  throw 
them  to  the  retina  before  they  come  to  a  focus. 

T,  But  that  is  not  the  only  reason :  by  coming  to  a  focus  at  b,  the 
image  is  very  small,  in  comparison  of  what  it  is  when  the  image  is 
formed  on  the  retina,  by  means  of  the  concave  lens.  Can  you, 
James,  explain  the  reason  of  all  the  lines  which  you  see  in 
the  figure  ? 

e7.  I  think  I  can  ;  there  are  two  pencils  of  rays  flowing  from 
the  extremities  of  the  arrow,  which  is  the  object  to  be  viewed. 
The  rays  of  the  pencil  flowing  from  x  go  on  diverging  till  they 
reach  the  convex  lens  o  p,  when  they  will  be  so  refracted,  by 
passing  through  the  glass,  as  to  converge  and  meet  in  the  point  x. 
Now  the  same  may  be  said  of  the  pencil  of  rays  which  comes 
from  y ;  and,  of  course,  of  all  the  pencils  of  rays  flowing  from 
the  object  between  x  and  y.  So  that  the  image  of  the  arrow 
would,  by  the  couvex  lens,  be  formed  at  b. 

T,  And  what  would  happen  if  there  were  no  other  glass  ? 

cT.  The  rays  would  cross  each  other  and  be  divergent,  so  that, 
when  they  reached  the  retina,  there  would  be  no  distinct  image 
formed,  but  every  point,  as  a;  or  y,  would  be  spread  over  a  large 
space,  and  the  image  would  be  confused.  To  prevent  this,  the 
concave  lens  mnis  interposed :  the  pencil  of  rays,  which  would^ 
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by  the  convex  glass,  converge  at  a:,  will  now  be  made  to  diverge, 
80  as  not  to  come  to  a  focus  till  they  arrive  at  the  retina :  and 
the  pencil  of  rays  which  would  by  the  convex  glass  have  come 
to  a  point  at  y,  will,  by  the  interposition  of  the  concave  lens,  be 
made  to  diverge  so  much  as  to  tnrow  the  focus  of  the  rays  to  b 
instead  of  y.     By  this  means  the  image  of  the  object  is  magnified. 

T,  Can  you  tell  the  reason  why  the  tubes  require  to  be  drawn 
out  more  or  less  for  different  persons  ? 

C.  The  tubes  are  to  be  adjusted  in  order  to  throw  the  focus  of 
rays  exactly  on  the  retina :  and,  as  some  eyes  are  more  convex 
than  others,  the  length  of  the  focus  will  vary  in  diflTerent  persons ; 
and  by  sliding  the  tube  up  and  down,  this  object  is  obtained. 

T,  Refracting  telescopes  are  used  chiefly  for  viewing  terrestrial 
objects ;  two  things,  therefore,  are  requisite  in  them  ;  the  first  is, 
that  they  should  show  objects  in  an  upright  position,  that  is,  in 
the  same  position  that  we  see  them  without  glasses  ;  and  the  second 
is,  that  they  shall  afford  a  hr^e  field  of  view. 

J,  What  do  you  mean,  sir,  by  a  field  of  view  ? 

T,  All  that  part  of  a  landscape  which  may  be  seen  at  once, 
without  moving  the  eye  or  instrument.  Now,  in  looking  on  the 
figure  again,  you  will  perceive,  that  the  concave  lens  throws  a 
number  of  the  rays  beyond  the  pupil  c  of  the  eye  on  to  the  iris  on 
both  sides,  but  those  only  are  visible,  or  go  to  form  an  image, 
which  pass  through  the  pupil ;  and,  therefore,  by  a  telescope 
made  in  this  way,  the  middle  part  of  the  object  only  is  seen,  or 
in  other  words,  the  prospect  is  very  much  diminished  by  it. 

C,  How  is  that  remedied  ? 

T,  By  substituting  a  double  convex  eye-glass  g  h  instead  of 
the  concave  one.  Here  the  focus  of  the  double  convex  lens  is 
at  £,  and  the  glass  g  h  must  be  so  much  more  convex  than  o  p 


Fig.  41. 

as  that  its  focus  may  be  also  at  e  :  for  then  the  rays  flowing  from 
the  object  x  y,  and  passing  through  the  object-glass  o  p,  will 
form  the  inverted  image  m:a  d.  Now,  by  interposing  the  double 
convex  g  A,  the  image  is  thrown  on  the  retina,  and  it  is  seen  under 
the  large  angle  dec;  that  is,  the  image  m^d  will  be  magnified 
to  the  size  c  e  d. 
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J.  Is  not  the  image  of  the  object  in  the  telescope  inverted  ? 

T,  Yes,  it  is ;  for  you  see  the  image  on  the  retina  stands  in 
the  same  position  as  the  object;  but  we  always  see  things  by 
having  the  images  inverted  ;  and,  therefore,  whatever  is  seen  by 
telescopes  constructed  as  this  is,  will  appear  inverted  to  the 
spectator,  which  is  a  very  unpleasant  circumstance  with  regard  to 
the  terrestrial  objects;  it  is  on  that  account  chiefly  used  for 
celestial  observations. 

(7.  Is  there  any  rule  for  calculating  the  magnifying  power  of 
this  telescope  ? 

T,  It  magnifies  in  proportion  as  the  focal  distance  of  the  object- 
glass  is  greater  than  the  focal  distance  of  the  eye-glass.  Thus,  if 
the  focal  distance  of  the  object-glass  is  ten  inches,  and  that  of  the 
eye-glass  only  a  single  inch,  the  telescope  magnified  the  diameter 
of  an  object  ten  times ;  and  the  whole  surface  of  the  object  will  be 
magnified  a  hundred  times. 

C.  Will  a  small  object,  as  a  silver  penny  for  instance,  appear 
a  hundred  times  larger  through  thb  telescope  than  it  would  by  the 
naked  eye  ? 

T.  Telescopes,  in  general,  represent  terrestrial  objects  to  be 
nearer  and  not  larger :  thus  looking  at  the  silver  penny  a  hundred 
yards  distant,  it  mil  not  appear  to  be  larger,  but  at  the  distance 
only  of  a  single  yard. 

J,  Is  there  no  advantage  gained,  if  the  focal  distance  of  the  eye- 
glass and  of  the  object-glass  be  equal  ? 

T.  None ;  and,  therefore,  in  telescopes  of  this  kind,  we  have 
only  to  increase  the  focal  distance  of  the  object-glass,  and  to 
diminish  the  focal  distance  of  the  eye-glass,  to  augment  the 
magnifying  power  to  almost  any  degree. 

6".  Can  you  carry  this  principle  to  any  extent? 

T.  Not  altogether  so :  an  object-glass  of  ten  feet  focal  distance 
will  require  an  eye-glass  whose  focal  distance  is  rather  more 
than  two  inches  and  a  half;  and  an  object-^lass  with  a  focal 
distance  of  a  hundred  feet  must  have  an  eye-glass  whose  focus 
must  be  about  six  inches  from^it.  How  much  will  each  of  these 
glasses  magnify? 

C.  Ten  feet  divided  by  two  inches  and  a  half  give  for  a  quo- 
tient forty-eight ;  and  a  hundred  feet  divided  by  six  inches  give 
two  hundred  :  so  that  the  former  magnifies  forty-eight  times,  and 
the  latter  two  hundred  times. 

T.  Refracting  telescopes,  for  viewing  terrestrial  objects,  in 
order  to  show  them  in  their  natural  posture,  are  usually  constructed 
with  one  object-glass  and  three  eye-glasses,  the  focal  distance  of 
these  last  being  equal. 

J,  Do  you  make  use  of  the  same  method  in  calculating  the 
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magnifying  power  of  a  telescope  constructed  in  this  way,  as  you 
did  in  the  last  ? 

jT.  Yes ;  the  three  glasses  next  the  eye  having  their  focal  dis- 
tances equal,  the  magnifying  power  is  found  by  dividing  the  focal 
distance  of  the  object-glass  by  the  focal  distance  of  one  of  the  eye- 
glasses. We  have  now  said  as  much  on  the  subject  as  is  necessary 
to  our  plan. 

(7.  What  is  the  construction  of  opera-glasses  that  are  so  much 
used  at  the  theatre  ? 

T,  The  opera-glass  is  nothing  more  than  a  short  refracting 
telescope. 

The  night  telescope  is  only  about  two  feet  long ;  it  represents 
objects  inverted,  much  enlightened,  but  not  greatly  magnified. 
It  is  used  to  discover  objects,  not  very  distant,  but  which  cannot 
otherwise  be  seen  for  want  of  suflBcient  light. 

The  transit  instrument  is  a  refracting  telescope  permanently 
fixed  in  the  direction  north  and  south;  its  axis  is  conical  and 
hollow,  and  is  firmly  supported  on  stone  columns.  It  is  directed 
to  the  south,  and,  consequently,  to  the  meridian ;  it  has  free 
motion  up  and  down  in  the  meridian,  but  cannot  be  moved  out  of 
it.  It  is  used  for  observing  the  transits  of  stars,  or  their  passage 
past  the  meridian.  Within  the  tube  are  five,  seven,  or  nine 
vertical  lines,  constructed  of  spider-web  or  fine  platinum  wire,  and 
one  horizontal  line.  The  stars  are  watched  as  they  pass  these 
lines,  and  the  times  are  noted.  As  very  few  stars,  even  with  the 
best  object-glasses,  can  be  seen  by  day,  this  instrument  is  mostly 
used  at  night. 

C,  But  how  can  the  fine  threads  be  seen  in  the  dark  ? 

T.  I  was  about  to  tell  you,  that  a  lamp  is  placed  opposite 
the  hollow  axle;  its  light  is  received  by  a  reflector  placed 
within  the  tube  of  the  telescope,  but  not  in  the  way  of  the 
view ;  thence  it  is  reflected  so  as  either  to  illuminate  the  whole 
field  of  view  and  leave  the  wires  as  dark  lines,  or  to  illuminate 
the  wires  and  leave  the  field  of  view  dark,  and  to  give  any 
intermediate  amount  of  illumination.  The  simplest  mode  of 
eflfecting  these  various  illuminations  is  contrived  by  Mr.  Simms, 
who  made  the  mirror  movable,  and  furnished  it  with  reflecting 
prisms. 

CONVERSATION  XXI, 

Of  Heflecting  Telescopes, 

T,  This  is  a  telescope  of  a  different  kind,  and  is  called  a  reflect* 
ing  telescope. 
The  great  inconvenience  attending  refracting  telescopes  is  their 
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length,  and,  on  that  account,  they  are  not  very  much  used  when 
high  powers  are  required.  A  reflector  of  six  feet  long  will 
magnify  as  much  as  a  refractor  of  a  hundred  feet. 

«/.  Are  these,  like  the  refracting  telescopes,  made  in  diflPerent 
ways? 

T,  They  were  invented  by  Sir  Isaac  Newton,  but  have  been 
greatly  improved  since  his  time.    The  following  figure  will  lead 


Fig.  42.  ' 

to  a  description  of  one  of  those  in  common  use.  t  t  represents 
the  large  tube,  and  t  t  the  small  tube  of  the  telescope,  at  one 
end  of  which  is  d  f,  a  concave  mirror,  with  a  hole  in  the  middle 
at  p,  the  principal  focus  of  which  is  at  i  k  ;  opposite  to  the  hole 
p  is  a  small  mirror  l,  concave  towards  the  great  one ;  it  is  fixed  on 
a  strong  wire  m,  and  may,  by  means  of  a  long  screw  on  the  outside 
of  the  tube,  be  made  to  move  backwards  or  forwards,  a  b  is  a 
remote  object ;  from  which  rays  will  flow  to  the  great  mirror  d  f. 

J,  And  I  see  you  have  taken  only  two  rays  of  a  pencil  from 
the  top,  and  two  from  the  bottom. 

T,  And  in  order  to  trace  the  progress  of  the  reflections  and 
refractions,  the  upper  ones  are  represented  by  full  lines,  the  lower 
ones  by  dotted  lines.  Now  the  rays  at  c  and  b  falling  upon  th9 
mirror  upon  d  and  f,  are  reflected,  and  form  an  inverted  image 
at  m. 

C.  Is  there  anything  there  to  receive  the  image  ? 

T.  No :  and  therefore  they  go  on  towards  the  reflector  i,  the 
rays  from  different  parts  of  the  object  crossing  one  another  a  little 
before  they  reach  i. 

J,  Does  not  the  hole  at  p  tend  to  distort  the  image? 

T.  Not  at  all ;  the  only  defect  is  that  there  is  less  light. 
From  the  mirror  i,  the  rays  are  reflected  nearly  parallel  through 
p ;  there  they  have  to  pass  the  plano-convex  lens  b,  which  causes 
them  to  converge  at  a  6,  and  the  image  is  now  painted  in  the 
smill  tube  near  the  eye ;  and  having  brought  the  image  of  the 
object  as  near  as  a  6,  we  magnify  it  by  the  plano-convex  lens  s 
It  will  appear  as  large  as  c  c^,  that  is,  the  image  is  seen  under  the 
angle  cfd. 
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C  How  do  you  estimate  the  magnifying  power  of  the  reflect- 
ing telescope  ? 

'1\  The  rule  is  this:  "Multiply  the  focal  distance  of  the 
large  mirror  hy  the  distance  of  the  small  mirror  from  the 
image  m :  then  multiply  the  focal  distance  of  the  small  mirror 
by  the  focal  distance  of  the  eye-glass;  and  divide  these  two 
products  by  one  another,  and  the  quotient  is  the  magxuiying 
power." 

J,  It  is  not  likely  that  we  should  know  all  these  in  any  instra- 
ment  we  possess. 

T.  The  following,  then,  is  a  method  of  finding  the  same  thing 
by  experiment:  "Observe  at  what  distance  you  can  read  any 
book  with  the  naked  eye,  and  then  remove  the  book  to  the 
farthest  distance  at  which  you  can  distinctly  read  by  means  of  the 
telescope,  and  divide  the  latter  by  the  former." 

The  powers  of  different  telescopes  may  be  readily  tried  and 
compared,  by  looking  at  double  stars,  and  observing  whether,  and 
how  far  they  separate  them.  This  refers  to  telescopes  of  high 
powers. 

6\  Had  not  the  late  Dr.  Herschel  a  very  large  reflecting 
telescope? 

T,  He  made  many,  but  the  tube  of  his  grand  telescope  was 
nearly  40  feet  long,  and  4  feet  10  inches  in  diameter.  The 
concave  surface  of  the  great  mirror  is  48  inches  of  polished  sur- 
&ce  in  diameter,  and  it  magnifies  6000  times.  This  noble  instru- 
ment cost  the  Doctor  four  years*  severe  labour :  it  was  finished 
August  28,  1789,  on  which  day  was  discovered  the  sixth  satellite 
of  Saturn. 

(J,  I  should  like  to  know  what  Newton's  original  arrangement 
was. 

T,  Instead  of  looking  in  at  the  small  mirror,  through  a  hole  in 
the  larger  one,  he  placed  the  small  one  at  an  angle,  and  looked  in 
at  it  through  a  hole  in  the  side  of  the  tube. 
(7.  What  is  an  achromatic  telescope  ? 

T,  Do  you  remember  observing  coloured  figures  around  eveiy 
object  that  you  viewed  with  the  pocket  telescope  which  jour 
cousin  purchased  at  the  fair?  Now  these  coloured  figures 
appear  in  a  greater  or  less  degree  about  objects  viewed  ¥nth 
all  ordinary  telescopes ;  they  arise  from  what  is  termed  cAro- 
matic  aberration.  If  you  look  at  a  lense  edgewise,  you  will 
see  that  it  is  really  two  prisms,  joined  at  their  bases  in  the  convex, 
and  at  their  points  in  the  concave,  and  then  rounded  off.  Now 
prisms  analyse  light  into  its  component  colours  ;  and  so  do  lenses, 
though  not  to  so  great  an  extent,  because  they  are  not  prisms  of 
the  most  favourable  form.    But  by  making  a  compound  lens  of  a 
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flint-glass  concave  lens,  and  a  crown  glass  convex  lens,  the 
dispersive  powers  nearly  neutralize  each  other,  and  an  almost 
colourless  object  is  obtained.  Dr.  Blair  obtained  a  perfectly 
achromatic  lens  by  confining  muriatic  acid  between  two  lenses  of 
flint-glass. 

C,  Was  Herschel's  the  largest  telescope  ever  made  ? 

T,  Until  very  lately  it  was.  But  it  is  now  far  surpassed  by 
the  monster  telescope  made  by  Lord  Rosse.  The  reflector  is 
six  feet  in  diameter ;  it  is  made  of  an  alloy  of  copper  and  tin, 
in  the  proportion  of  126*4  of  the  former  to  68*9  of  the  latter. 
These  numbers  represent  the  atomic  weights  or  combining 
equivalents  of  these  two  metals ;  but  you  will  understand  these 
terms  better  when  we  talk  on  chemical  science.  It  is  of  the 
enormous  weight  of  three  tons.  By  immense  perseverance, 
joined  to  very  great  ingenuity,  the  noble  philosopher  overcame 
a  host  of  apparently  insurmountable  difficulties,  and  arrived  at 
absolute  certainty  in  casting  perfect  specula.  The  machine  by 
which  the  surface  was  ground  and  polished  is  another  illustra- 
tion of  first-rate  mechanical  ingenuity.  The  tube  of  the  tele- 
scope is  56  feet  long ;  the  focal  length  of  the  speculum  52  feet. 
The  diameter  of  the  tube  is  seven  feet ;  it  is  made  of  inch-deal 
hooped  with  iron.  It  is  fixed  to  solid  masonry  by  a  universal 
joint ;  and  by  means  of  walls,  and  scaffolds,  and  ropes,  and 
counterpoises,  it  can  be  directed  to  every  requisite  point  of  the 
heavens.  • 

C.  And  what  discoveries  have  been  made  with  this  instru- 
ment? 

T,  His  lordship  has  not  published  his  unfinished  researches ; 
but  several  facts  have  come  to  us.  Its  magnifying  power  is  so 
great,  that  objects  soon  pass  from  the  field  of  view.  The  most 
startling  prool"  of  its  superiority  is  the  great  quantity  of  light 
it  presents;  so  that  many  lunar  phenomena  which  had  not 
been  seen  before  have  now  presented  themselves.  Lord  Rosse's 
great  expectations  are  in  the  examination  of  double  stars  and 
nebulae. 

C,  What  are  nebulae  ? 

T,  The  milky  way  is  a  nebula,  or  cloud  of  stars,  of  which  our 
sun  is  one;  but  out  beyond  this  system  are  numerous  other 
systems,  which,  under  ordinary  powers,  appear  merely  as  a  mist, 
or  nucleus  of  light :  higher  powers  have  resolved  most  of 
them  into  stars ;  but  there  are  some  that  have  still  maintained 
their  nebulous  character  under  the  highest  powers  that  have 
been  employed ;  so  much  so,  that  some  philosophers  have  been 
induced  to  think  that  creative  power  is  first  manifested  in  the 
production  of  nebulous  matter ;   and  that  these  gradually  con- 
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centrate  and  become  consolidated  into  suns  or  planets.  Bot 
the  revelations  of  Lord  Rosse's  telescope  tend  to  the  oyerthrow  of 
this  theory. 

C  Can  you  tell  us  any  more  about  this  glorious  instrument? 

T.  The  whole  was  executed  at  the  sole  expense  of  this  spirited 
and  talented  nobleman,  in  his  own  laboratory  and  workshops  at 
Parsonstown,  immediately  under  his  own  eye,  by  artisans 
instructed  by  himself.  It  cannot  have  cost  less  than  twelve  thou- 
sand pounds,  besides  the  large  sums  that  have  been  sunk  in 
unsuccessful  experiments.  The  character  given  of  his  lordship 
is,  "talent  to  divine — patience  to  bear  disappointment — jxst- 
severance — profound  mathematical  knowledge — mechanical  skill 
— uninterrupted  leisure  from  other  pursuits;"  all  of  which  are 
brought  to  bear  by  his  having  **  a  great  command  of  money." 
I  should  mention  that  he  made  first  a  three-feet  reflecting  tele- 
scope. 


CONVERSATION  XXH. 

0/  the  Microscope — Its  Principle — Of  the  Single  Microscope — 
Of  the  Compound  Microscope — Cf  the  Solar  Microscope, 

T,  We  are  now  to  describe  the  microscope,  which  is  an  instru- 
ment for  viewing  very  small  objects.  You  know  that,  in  g^ieral, 
persons  who^have  good  sight  cannot  distinctly  view  an  object  at  a 
nearer  distance  than  about  six  or  eight  inches. 

C.  I  cannot  read  a  book  at  a  shorter  distance  than  this  ;  but  if 
I  look  through  a  small  hole  made  with  a  pin  or  needle  in  a 
sheet  of  brown  paper,  I  can  read  at  a  very  small  distance  indeed. 

T.  You  mean,  that  the  letters  appear,  in  that  case,  very  much 
magnified,  the  reason  of  which  is,  that  you  are  able  to  see  at  a 
much  shorter  distance  in  this  way  than  you  can  without  the  inter- 
vention of  the  paper.  Whatever  instrument  or  contrivance 
can  render  minute  objects  visible  and  distinct  is  properly  a  mi- 
croscope. 

J.  if  I  look  through  the  hole  in  the  paper,  at  the  distance  of 
five  or  six  inches  from  the  print,  it  is  not  magnified. 

T,  The  object  must  be  brought  near  to  increase  the  angle  by 
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which  it  is  seen;  this  is  the  principle  of  all  microscopes,  from 
the  single  lens  to  the  most  compound  instrument.    A  is  an  object 
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not  clearly  visible  at  a  less  distance  than  a  b  ;  but  if  the  same 
object  be  placed  in  the  focus  of  a  lens,  the  rays  which  proceed 
^om  it  will  become  parallel/  by  passing  through  the  said  lens ; 


^ 
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and  therefore  the  object  is  distinctly  visible  to  the  eye  if  placed 
anywhere  before  the  lens.  There  are  four  distinctions  in  mi- 
croscopes: the  single,  the  compound,  the  solar,  and  the  oxy- 
hydroeren. 

C  Does  the  single  microscope  consist  only  of  a  lens  ? 

T,  By  means  of  a  lens,  a  great  number  of  rays  proceeding 
from  a  point  are  united  in  the  same  sensible  point ;  and  as  each 
ray  carries  with  it  the  image  of  the  point  from  whence  it 
proceeded,  all  the  rays  united  must  form  an  image  of  the 
object. 

J.  Is  the  image  brighter  in  proportion  as  there  are  more  rays 
united  ? 

T.  Certainly:  and  it  is  more  distinct  in  proportion  as  their 
natural  order  is  preserved.  In  other  words,  a  single  microscope 
or  lens  removes  the  confusion  that  accompanies  objects  when 
seen  very  near  by  the  naked  eye :  and  it  magnifies  the  diameter 
of  the  object,  in  proportion  as  the  focal  distance  is  less  than  the 
limit  of  distinct  vision,  which  we  may  reckon  from  about  six  to 
eight  inches. 

C.  If  the  focal  distance  of  a  reading-glass  be  four  inches,  does 
it  magnify  the  diameter  of  each  letter  only  twice  ? 

T.  Exactly  so ;  but  the  lenses  used  in  microscopes  are  often 
not  more  than  i,  or  J,  or  even  ^  of  an  inch  radius. 

J.  And  in  a  double  convex  the  focal  distance  is  always  equal  to 
the  radius  of  convexity. 

T,  Then  tell  me  how  much  lenses  of  i,  4,  and  ^  of  an  inch 
will  each  magnify. 

J.  That  is  readily  done:  by  dividing  8  inches,  the  limit  of 
distinct  vision,  by  J,  J,  and  ^. 

C,  And  to  divide  a  whole  number,  as  8,  by  a  fraction,  as  J, 
&c.,  is  to  multiply  the  said  number  by  the  denominator  of  the 
fraction  :  of  course  8  multiplied  by  4  gives  32 ;  that  is,  the  lens 
whose  radius  is  }  of  an  inch  magnifies  the  diameter  of  the  object 
32  times. 

J,  Therefore  the  lenses  of  which  the  radii  are  }  and  ^,  will 
magnify  as  8  multiplied  by  8,  and  8  multiplied  by  20 ;  that  is, 
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the  former  will  magnify  64  times,  the  latter  160  times,  the  dia- 
meter of  an  object. 

T,  You  see,  then,  that  the  smaller  the  lens,  the  greater  its 
magnifying  power.  Dr.  Hooke  says,  in  his  work  on  Uie  micro- 
scope, that  he  has  made  lenses  so  small  as  to  be  able,  not  only 
to  distinguish  the  particles  of  bodies  a  million  times  sinaller  than 
a  visible  point,  but  even  to  make  those  visible  of  which  a  million 
times  a  million  would  hardly  be  equal  to  the  bulk  of  the  smallest 
grain  of  sand. 

C.  I  wonder  how  he  made  them. 

T,  I  will  give  you  his  description  :  he  first  took  a  very  narrow 
and  thin  slip  of  clear  glass,  melted  it  in  the  flame  of  a  candle  or 
lamp,  and  drew  it  out  into  exceedingly  fine  threads.  The  end  of 
one  of  these  threads  he  melted  again  in  the  flame,  till  it  ran  into  a 
very  small  drop,  which,  when  cool,  he  fixed  in  a  thin  plate  of 
metal,  so  that  the  middle  of  it  might  be  directly  over  the  centre 
of  an  extremely  small  hole  made  in  the  plate.     Here  is  a  veiy 

convenient  single  microscope. 

J,  It  does  not  seem,  at  first 
sight,  80  simple  as  those  whidi 
you  have  just  now  described. 

T.  A  is  a  circular  piece  of 
brass,  or  it  may  be  made  of  wood, 
ivory,  &c.,  in  the  middle  of  which 
is  a  very  small  hole;  in  this  is 
fixed  a  small  lens,  the  focal  dis- 
tance is  o  D ;  at  that  distance  is 
a  pair  of  pliers  d  s,  which  may 
be  adjusted  by  the  sliding  screw  b,  and  opened  by  means  of  two 
little  studs  a  e  ;  with  these  any  small  object  may  be  taken  up  and 
viewed  with  the  eye  placed  at  the  other  focus  of  the  lens  at  p,  to 
which  it  will  appear  magnified,  as  at  i  m.  Let  us  now  look  at  a 
double  or  compound  microscope. 

J,  How  many  glasses  are  there  in  this  ? 

T,  There  are  two;  and 
the  construction  of  it 
may  be  seen  by  this 
figure ;  c  d  'is  called  the 
object-glass,  and  e  f  the 
eye-glass.  The  small 
object  a  &  is  placed  a 
little  farther  from  the 
^*  glass  c  d  than  its  princi- 

pal focus,  so  that  the  pencils  of  rays  flowing  from  the  different 
points  of  the  object,  and  passing  through  the  glass,  may  be  made 
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to  converge  and  unite  in  as  many  points  between  g  and  h,  where 
the  image  of  the  object  will  be  formed.  This  image  is  viewed  by 
the  eye-glass  e/,  which  is  so  placed  that  the  image  g  h  may  be  in 
the  focus,  and  the  eye  at  about  an  equal  distance  on  the  other 
side ;  the  rays  of  each  pencil  will  be  parallel,  after  going  out  of 
the  eye-glass,  as  at  e  and  /,  till  they  come  to  the  eye  at  A,  by  the 
humours  of  which  they  will  be  converged  and  collected  into 
points  on  the  retina,  and  form  the  large  inverted  image  A  b. 

C,  Pray,  sir,  how  do  you  calculate  the  magnifying  power  of 
this  microscope  ? 

T.  There  are  two  proportions,  which,  when  found,  are  to  be 
multiplied  into  one  another :  1st,  as  the  distance  of  the  image 
from  the  object-glass  is  greater  than  its  distance  from  the  eye- 
glass ;  and  2nd,  as  the  distance  from  the  object  is  less  than  the 
limit  of  distinct  vision.* 

Example  1.  If  the  distance  of  the  image  from  the  object-glass 
be  4  times  greater  than  from  the  eye-glass,  the  magnifying  power 
of  4  is  gained  ;  and  if  the  focal  distance  of  the  eye-glass  be  one 
inch,  and  the  distance  of  distinct  vision  be  considered  at  7  inches, 
the  magnifying  power  of  7  is  gained,  and  7x4  gives  28 ;  that  is, 
the  diameter  of  the  object  will  be  magnified  28  times,  and  the 
surface  will  be  magnified  784  times. 

J,  Do  you  mean  that  an  object  will,  through  such  a  microscope, 
appear  784  times  larger  than  by  the  naked  eye  ? 

T.  Yes,  I  do  ;  provided  the  limit  of  distinct  vision  be  7  inches  ; 
but  some  persons  who  are  short-sighted  can  see  as  distinctly  at  6 
or  4  inches  as  another  can  at  7  or  8 ;  to  the  former,  the  object 
will  not  appear  so  large  as  to  the  latter. 

Example  2.  What  "will  a  microscope  of  tiiis  kind  magnify  to 
three  different  persons  whose  eyes  are  so  formed  as  to  see  dis- 
tinctly at  the  distance  of  6,  7,  and  8  inches  by  the  naked  eye, 
supposing  the  image  of  the  object-glass  to  be  five  times  as  distant 
as  from  the  eye-glass,  and  the  focal  distance  of  the  eye-glass  be 
only  the  tenth  part  of  an  inch  ? 

0.  As  five  is  gained  by  the  distances  between  the  glasses,  and 
60,  70,  and  80  by  the  eye-glass,  the  magnifying  powers  will  be  as 
300,  360,  and  400. 

J,  How  is  it  that  60,  70,  and  80  are  gained  by  the  eye-glass  ? 

C.  Because  the  distances  of  distinct  vision  are  put  at  6,  7,  and 
8  inches,  and  these  are  to  be  divided  by  the  focal  distance  of  the 
eye-glass,  or  by  t^j  :  but,  to  divide  a  whole  number  by  a  fraction, 

*  The  late  Professor  Vince  gave  the  following  rule  for  finding  the  linear  magni- 
fying power  of  a  compound  microscope : — "  It  is  equal  to  the  least  distance  of  dis- 
tinct vision,  multiplied  bj  the  distance  of  the  image  fh)m  the  object-glass,  divided 
by  the  distance  of  the  olsject  from  the  oltject-glass,  multiplied  by  the  focal  len^<^t 
the  eye-glass/' 
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«e  must  multiply  that  number  by  the   denominator,  or  km 

fi^re  in  the  fraction  ;  therefore,  the  power^ined  brthediitiitt 
between  the  two  fdasses,  or  5,  must  be  multiplied  by  60, 70,  v 
80.  And  the  surface  of  the  object  will  be  magnified  in  pn^or- 
tion  to  the  square  of  300,  350,  or  400,  that  b,  as  90,000,  l^HO, 
or  160,000. 

T.  We  now  come  to  the  soler  microscope,  which  is  by  fir  tk 
moat  entertaining  of  them  all,  because  the  image  is  much  iugs, 
and  being  thrown  on  a  sheet,  or  other  white  surface,  imj  k 
viewed  by  many  spectators  at  the  same  time,  without  any  ta6pt 
to  the  eye.  Here  is  one  fixed  in  the  window -shutter ;  but  I  at 
explain  its  eonslruction  best  by  a  figure. 

J.  There  is  a  looking-glass  on  the  outside  of  the  window. 


T.  Yes,  the  solar  microscope  (see  fig.  47)  consists  of  an  exterior 

looking-glass  s  o,  the  lens  a  6  in  the  shutter  d  u,  and  the  lens  n  m 
within  the  dark  room.  These  three  parts  are  united  to  end  placed 
in  a  brass  tul>e.  The  lookiag-glnss  can  be  turned  by  the  adjusling 
screw  Eo  as  to  receive  the  incident  rays  oF  ihe  sun  ess,  and 
reflect  them  through  the  tube  into  the  room.  The  lens  a  b 
collects  those  rajs  info  a  focus  at  n  m,  where  there  is  another 
magnifier ;  here,  of  course,  the  rays  cross,  and  diverge  to  the 
white  screen,  on  which  the  image  of  the  object  will  be  painted. 

C,  I  see  the  object  is  placed  a  Utile  behind  the  focus. 

T.  If  it  were  in  the  focus  it  would  be  burnt  to  pieces  imme- 
diately. The  magnifying  power  of  this  instrument  depends  on 
the  distance  of  the  sheet  or  white  screen  ;  perhaps  about  ten  feet 
is  as  good  a  distance  as  any.  You  perceive,  that  the  siie  of  the 
image  is  to  that  of  the  object  as  the  distance  of  the  former  from 
the  lens  n  m  is  to  that  of  the  latter. 

J,  Then  the  nearer  the  object  to  the  lens,  and  the  farther  the 
•creen  from  it,  the  greater  the  power  of  this  microscope. 

T.  You  are  right ;  and  if  the  object  be  only  half  an  inch  from 
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the  lens,  and  the  screen  nine  feet,  the  image  will  be  46,666  times 
larger  than  the  object ;  do  you  understand  this  ? 

(7.  Yes;  the  object  being  only  half  an  inch  from  the  lens, 
and  the  image  9  feet  or  108  inches,  or  216  half  inches,  the  dia- 
meter of  the  image  will  be  216  times  larger  than  the  diameter 
of  the  object,  and  this  number  multiplied  into  itself  will  give 
46,656. 

T,  This  '.nstrument  is  calculated  only  to  exhibit  transparent 
objects,  or  such  as  the  light  can  pass  through  in  part.  For 
opaque  objects,  a  different  microscope  is  used ;  and,  indeed, 
there  is  an  almost  endless  variety  of  microscopes.  But  the 
solar  microscope  is  now  seldom  used ;  for  as  it  depends  on  the 
shining  of  the  sun  for  light,  in  this  variable  climate  of  ours  it 
is  almost  certain  to  be  useless  when  most  needed.  The  oxy- 
hydrogen  microscope  is  now  used.  In  this,  instead  of  sunlight, 
the  powerful  light,  produced  by  allowing  a  lighted  jet  of  the 
mixed  gases  oxygen  and  hydrogen  to  play  upon  lime,  is  used.  In 
other  respects,  the  general  construction  of  the  instrument  is  the 
same.  The  perlection  to  which  this  instrument  is  brought  is 
marvellous. 


CONVERSATION  XXIII. 

Of  the  Camera  Ohscura,  Magic  Lantern,  and  Multiplying 

Olass,  &c, 

T,  We  may  now  converse  upon  some  miscellaneous  subjects, 
of  which  the  first  shall  be  the  camera  obscura, 

C.  What  is  a  camera  obscura  ? 

T.  The  meaning  of  the  term  is  a  darkened  chamber ;  the  con- 
struction of  it  is  very  simple,  and  will  be  understood  in  a  moment 
by  you  who  know  the  properties  of  the  convex  lens. 

A  convex  lens,  placed  in  a  hole  in  a  window-shutter,  will  ex- 
hibit, on  a  white  sheet  of  paper  placed  in  the  focus  of  the  glass, 
all  the  objects  on  the  outside,  as  fields,  trees,  men,  houses,  &c., 
in  an  inverted  order. 

J.  Is  the  room  to  be  quite  dark,  except  the  light  which  is 
admitted  through  the  lens  ? 

T.  It  ought  to  be  so ;  and,  to  have  a  very  interesting  picture, 
the  sun  should  shine  upon  the  objects. 

J.  Is  there  no  other  kind  of  camera  obscura  ? 

T,  A  portable  one  may  be  made  with  a  square  box,  in  one 
side  of  which  is  to  be  fixed  a  tube,  having  a  convex  lens  in  it  : 
within  the  box  is  a  plane  mirror  reclining  backwards  from  the 
tube,  at  an  angle  of  forty-five  degrees. 
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C  On  what  does  this  mirror  reflect  the  image  of  the  object? 

T.  The  top  of  the  box  is  a  square  of  unpolished  glass,  on 
which  the  picture  is  formed.  And  if  a  piece  of  oiled  paper  is 
stretched  on  the  glass,  a  landscape  may  be  easily  copied ;  or  the 
outline  may  be  sketched  on  the  rough  surface  of  the  glass. 

J,  Why  is  the  mirror  to  be  placed  at  an  angle  of  45  degrees 
exactly  ? 

T,  The  image  of  the  objects  would  naturally  be  formed  at  the 
back  of  the  box  opposite  to  the  lens ;  in  order,  therefore,  to  throw 
it  on  the  top,  the  mirror  must  be  so  placed  that  the  angle  of 
incidence  shall  be  equal  to  the  angle  of  reflection.  In  the  box, 
according  to  its  original  make,  the  top  is  at  right  angles  to  the 
end,  that  is,  at  an  angle  of  90  degrees,  therefore  the  mirror  is 
put  at  half  90,  or  45  degrees. 

(7.  Now,  the  incident  rays  falling  upon  a  surface,  which 
declines  to  an  angle  of  45  degrees,  will  be  reflected  at  an  equal 
angle  of  45  degrees,  which  is  the  angle  that  the  glass  top  of  the 
box  bears  with  respect  to  the  mirror. 

(7.  Is  the  tube  in  this  machine  flxed  ? 

T.  No  ;  it  is  made  to  draw  out  or  push  in,  so  as  to  adjust  the 
distance  of  the  convex  glass  from  the  mirror,  in  proportion  to  the 
distance  of  the  outward  objects,  till  they  are  distinctly  painted  on 
the  horizontal  glass. 

C.  Has  any  real  use  been  made  of  the  camera  ? 

T.  One  of  the  most  happy  adaptations  of  this  instrument  is 
in  the  daguerreotype,  &c.  You  remember  my  telling  you  that  light 
acted  chemically  on  bodies :  a  plate  of  silver  having  its  surface 
prepared  with  certain  chemicals  which  are  exceedingly  sensitive 
to  light,  is  placed  in  the  focus  of  a  good  camera,  and  the  picture, 
instead  of  being  evanescent,  is  so  impressed  upon  the  plate,  that  a 
slight  further  chemical  process  fixes  it.  The  description  of  the 
particular  methods  will  form  the  subject  of  a  subsequent  conversa- 
tion. 

J,  Will  you  now  explain  the  structure  of  the  ms^ic  lantern, 
which  has  long  aflbrded  us  occasional  amusement  ? 

T.  This  little  machine  consists,  as  you  know,  of  a  sort  of  tin 
box,  within  which  is  a  lamp  or  candle ;  the  light  of  this  passes 
through  a  great  plano-convex  lens,  placed  in  a  tube  fixed  m  the 
front.  This  strongly  illuminates  the  objects,  which  are  painted 
on  slips  of  glass,  and  placed  before  the  lens  in  an  inverted  posi- 
tion. A  sheet  or  other  white  surface  is  placed  to  receive  the 
images. 

C.  Do  you  invert  the  glasses  on  which  the  figures  are  drawn, 
in  order  that  the  images  of  them  may  be  erect  ? 

T,  Yes ;  and  the  illumination  may  be  greatly  increased,  and 
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the  effect  made  much  more  powerful,  by  placing  a  concave  mirror 
at  the  back  of  the  lamp. 

(7.  Did  you  not  tell  us  that  the  phantasmagoria ^  which  we 
saw  at  the  Lyceum,  was  a  species  of  the  magic  lantern  ? 

T,  There  is  this  difference  between  them :  in  common  magic 
lanterns,  the  figures  are  painted  on  transparent  glass,  conse- 
quently, the  image  on  the  screen  is  a  circle  of  light  having  a 
figure  or  figures  on  it ;  but  in  the  phantasmagoria  all  the  glass 
is  made  opaque,  except  the  figure  only,  which,  being  painted  in 
transparent  colours,  the  light  shines  through  it,  and  no  light  can 
come  upon  the  screen  but  what  passes  through  the  figure. 

J,  But  there  was  no  sheet  to  receive  the  picture. 

T.  No :  the  representation  was  thrown  on  a  thin  screen  of  silk 
placed  between  the  spectators  and  the  lantern. 

0,  What  caused  the  images  to  appear  approaching  and  re- 
ceding ? 

T,  It  is  owing  to  removing  the  lantern  farther  from  the 
screen,  or  bringing  it  nearer  to  it;  for  the  size  of  the  image 
must  increase  as  the  lantern  is  carried  back,  because  the  rays 
come  in  the  shape  of  a  cone ;  and,  as  no  part  of  the  screen  is 
visible,  the  figure  appears  to  be  formed  in  the  air,  and  to  move 
farther  off  when  it  becomes  smaller,  and  to  come  nearer  as  it 
increases  in  size. 

C.  I  am  sure  the  dissolving  views  must  be  produced  by  a 
magic  lantern. 

T,  They  are;  or  rather  by  two  lanterns.  They  are  placed 
side  by  side,  and  just  enough  out  of  a  parallel  to  permit  their 
images  to  fall  on  the  same  part  of  the  screen.  Suppose  you  wish 
to  represent  an  empty  cathedral,  and  then  that  it  shall  be  gradu- 
ally filled  with  worshippers.  Two  views  of  the  cathedral  are 
painted  on  glass  in  transparent  colours :  one  is  full  of  people,  the 
other  is  empty ;  one  view  is  placed  in  each  lantern  :  a  couple  of 
screens  are  fixed  as  arms  to  a  vertical  rod,  and  they  are  so 
arranged  that,  as  the  rod  is  gradually  elevated  by  rackwork,  one 
screen  moves  in  front  of  one  lantern,  in  proportion  as  the  other 
moves  from  the  other.  So  that  one  view  gradually  dissolves 
away,  and  the  other  as  gradually  takes  its  place. 

J,  What  is  the  opaque  microscope,  that  so  much  interested  us 
at  the  Polytechnic  ? 

T,  Very  much  the  same  sort  of  thing  as  the  magic  lantern ; 
except  that  the  light,  instead  of  passing  through  the  object,* 
shines  upon  it,  and  is  reflected  off  through  the  lenses,  and  so 
onward  to  the  screen. .  This  is  shown  by  the  lime-light  above 
mentioned  ;  its  success  depends  on  the  management  of  the  light, 
which  must  be  very  intense,  and  in  large  quantities,  but  must  not 
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be  so  dispersed  by  the  mirrors  as  only  to  illuminate  parts  of  the 
object  instead  of  the  whole.  During  the  time  that  Mr.  Goddard 
was  manager  of  the  optical  department  at  the  Polytechnic,  these 
difficulties  were  overcome.  The  physioscope  is  the  same  instru- 
ment, employed  to  depict  ''the  human  face  divine"  in  colossal 
dimensions  upon  the  screen,  and  is  a  most  amusing  illustration  of 
experimental  optics.  The  Kalotrope  is  a  modification  of  the 
disisolving  views. 

J,  Here  is  another  instniment,  the  construction  of  which  you 
promised  to  explain — the  multiplying  glass, 

T,  One  side  of  this  glass  is  cut  into  many  distinct  surfaces,  and 
in  looking  at  an  object,  as  your  brother,  through  it,  you  \n  ill  see, 
not  one  object  only,  but  as  many  as  the  glass  contains  plane 
surfaces. 

I  will  draw  a  figure  to  illustrate  this :  let  a  i  b  represent  a 
glass,  flat  at  the  side  next  the  eye  h,  and  cut  into  three  distinct 
surfaces  on  the  opposite  side,  2&  ^  h,h  d^d  -b.  The  object  c 
will  not  appear  magnified,  but  as  rays  will  flow  from  it  to  all 

parts  of  the  glass,  and  each  plane 
surface  will  refract  these  rays  to 
the  eye,  the  same  object  will  ap- 
pear to  the  eye  in  the  direction 
of  the  rays  which  enter  it  through 
each  surface.  Thus  a  ray  c  t, 
Mling  perpendicularly  on  the 
middle  surface,  will  suflfer  no  re- 
"'^D  fraction,  but  show  the  object  in 
Fig.  48.  its  true  place  at  c  ;  the  ray  from 

c  &,  falling  obliquely  on  the  plane  surface,  a  &,  will  be  refracted 
in  the  direction  of  h  e,  and  on  leaving  the  glass  at  e,  it  will  pass 
to  the  eye  in  the  direction  e  h,  and  therefore  it  appears  at  e  :  and 
the  ray  c  d  will,  for  the  same  reason,  be  refracted  to  the  eye  in 
the  direction  b  h,  and  the  object  c  will  appear  also  at  n. 

If,  instead  of  three  sides,  the  glass  had  been  cut  into  6  or  20, 
or  any  other  number,  there  would  have  appeared  6,  20,  &c., 
different  objects,  differently  situated.  If  with  a  glass  like  thb 
you  look  at  a  luminous  object,  as  a  candle,  and  give  to  the  glass  a 
rotatory  motion  in  its  own  plane,  the  numerous  images  of  the 
candle  will  appear  to  move  round  'the  central  image,  and  thus 
present  a  very  interesting  picture  incessantly  shifting. 

I  may  mention  one  more  instrument,  the  camera  lucida.  It 
is  a  four-sided  prism ;  one  of  the  angles  is  a  right  angle  ;  oppo- 
site to  this  is  an  angle  of  135°;  the  other  two  are  each  67^°. 
The  prism  is  so  held  that  the  two  right  sides  are,  one  vertical, 
the  other  upward  and  horizontal ;  a  ray  entering  the  vertical 
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side  in  a  horizontal  direction,  is  reflected  first  by  one  short  side, 
and  then  by  the  other,  so  that  it  escapes  from  the  horizontal 
side  in  a  vertical  direction ;  and  hence  if  the  eye  look  down- 
wards in  this  direction,  the  object  appears  beneath  it;  so  that 
if  a  sheet  of  paper  be  placed  in  this  line,  the  object  will  appear 
on  the  paper,  and  a  person  unaccustomed^  to  drawing  may  readily 
sketch  it. 


CONVEBJSATION  XXIV. 

On  Double  Refraction  and  Polarization  of  Light, 

J.  What  is  that  crystal  that  I  see  you  have  carefully  placed  on 
your  table  this  morning  ? 

T.  It  is  Iceland  spar  ;  and  I  have  produced  it  in  order  to  lead 
you  to  certain  other  phenomena  of  light.  Look  through  it  at  the 
small  dot  I  have  made  on  the  paper. 

J,  You  have  made  two  dots,  not  one — oh,  no,  you  have  not, 
for  on  removing  the  crystal,  there  is  evidently  but  one  dot, 
although  there  seemed  to  be  two  at  first. 

T.  This  is  termed  double  refraction,  and  is  a  property  possessed 
by  the  generality  of  crystals,  whose  primitive  form  is  not  a  cube 
or  an  octohedron.  One  of  the  images  obeys  the  common  laws 
of  light,  and  is  called  the  ordinary  ray  ;  the  other  is  subject  to 
peculiar  laws,  and  is  termed  the  extraordinary  tslj.  In  some 
crystals  there  is  but  one  axis  or  direction,  in  which  the  pheno- 
mena of  double  refraction  exist,  and  these  only  have  the  ordinary 
ray ;  in  others  there  are  two  axes  of  double  refraction,  and 
these  present  no  ordinary  ray,  properly  so  called  :  for  no  portion 
of  the  light  that  traverses  them  is  subject  to  the  ordinary  laws  of 
refraction. 

C,  I  am  very  %irious  to  know  what  the  other  laws  may  be ; 
for  I  had  thought  we  knew  all  the  leading  laws  of  light. 

T,  You  are  too  hasty,  my  boy:  we  will  arrive  at  them  in 
due  time.  This  branch  of  science  is  termed  the  polarization  of 
light.  When  a  ray  of  light  is  reflected  at  certain  angles  on 
polished  surfaces,  or  is  refracted  by  the  same  bodies,  and  ther^ 
allowed  to  pass  through  a  double  refracting  crystal,  it  acquires 
new  properties,  it  ceases  to  be  reflected  by  other  bodies  at  certain 
angles,  and  is  not  unusually  divided  into  two  rays  of  equal  in- 
tensities. 

J,  I  do  not  clearly  understand  you :  this  word  polarization 
puzzles  me. 

T,  And  it  has  puzzled  many  a  head  before  yours:  it  was 
applied  by  those  who  conceived  light  to  be  composed  of  solid 
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particles ;  they  thought  these  were  arranged  in  certain  order,  as  if 
they  had  poles.  But  now,  while  that  theory  is  forsalLen,  the  in- 
appropriate word  is  maintained. 

C,  Then,  if  you  tell  us  more  clearly  some  of  the  characters  of 
polarized  light,  and  a  little  of  its  behaviour,  we  will  forget  the  word, 
and  think  of  the  facts  only. 

T.  If  a  ray  of  light  falls  on  a  glass  surface  at  an  angle  of 
36^  25',  as,  for  instance,  on  a  piece  of  blackened  glass  lying 
upon  my  sloping  desk,  it  will,  of  course,  be  reflected  towards  the 
ceiling :  if  I  now  catch  the  reflected  ray  on  a  second  plate  of 
glass,  it  will  be  again  r^ected,  unless  the  'second  plate  be  placed 
at  right  angles  to  the  ray,  so  as  to  reflect  it  toward  the  sides 
of  the  room.  In  this  case,  when  the  second  glass  is  at  the  angle 
of  35^  25'  with  the  ray,  the  ray  is  not  reflected  at  all,  and  is 
actually  lost, 

J.  What  made  you  mention  that  particular  angle  ? 

T,  Because  I  was  speaking  of  glass  surfaces ;  but  every  reflect- 
ing surface  has  an  angle  of  its  own  for  polarizing  light ;  and 
this  angle  bears  a  certain  flxed  relation  to  the  refracting  index 
of  the  body.  I  should  tell  you  that  the  ray  is  not  entirely  lost 
when  ordinary  white  light  is  employed,  because  the  refracting 
angle  for  each  of  the  rays  of  the  spectrum  is  not  the  same  ;  but 
monochromatic  rays  are  quite  darkened. 

C.  But  if  the  second  plate  is  not  placed  at  the  proper  angle, 
what  is  the  result  ? 

T,  The  ray  then  obeys  the  laws  of  ordinary  light :  in  the  two 
proper  positions  there  is  no  second  reflection  ;  in  the  two  at  right 
angles  to  them,  the  reflection  is  at  its  maximum,  and  it  furnishes 
various  grades  between  these  two  positions. 

C,  I  suppose  daylight  is  entirely  composed  of  common  light. 

T,  By  no  means :  sunlight  is  all  common  light ;  but  we  are 
cheered  by  a  vast  amount  of  his  light  reflect^  to  us  in  all  di- 
rections by  the  particles  of  air  about  us.  And  a  great  deal  of 
this,  especially  in  clear  weather,  is  refracted  and  reflected  in  the 
angles  that  polarize  it.  The  circle  of  maximum  polarization  is 
about  90°,  according  to  M.  Arago,  from  the  sun.*  The  same 
philosopher  has  discovered  polarized  light  in  the  moon.  ' 

C,  Then  refracted  as  well  as  reflected  light  may  be  polarized  ? 

T,  Yes  :  for  when  a  ray  is  made  to  fall  on  certain  transparent 
bodies,  at  a  proper  angle,  part  is  reflected,  and  part  traverses  and 
is  refracted.  The  latter,  as  well  as  the  former,  has  acquired  new 
properties ;  but  the  directions  are  at  right  angles  to  each  other. 
One  of  the  modes  of  polarizing  light  is  to  receive  it  on  a  bundle 
of  about  a  dozen  or  more  thin  glass  plates. 

If  such  a  bundle  of  glass  is  made  to  receive  a  beam  of  light 
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already  polarized,  the  beam  will  in  one  position  entirely  pass 
through ;  and  in  the  position  at  right  angles  to  this  it  will  be 
entirely  intercepted.  Any  substance  that  is  thus  employed  to 
examine  a  beam  of  polarized  light  is  termed  the  analyzer. 

J,  I  see  that  it  is  necessary  not  merely  to  have  a  means  of 
polarizing,  but  also  a  means  of  examining  the  light  when  polarized. 

T,  Yes ;  and  both  these  means  are  very  various,  and,  as  you 
see,  the  same  body  may  be  used  for  each  purpose.  For  instance, 
thin  plates  of  agate  cut  transversely  to  their  stratification,  or 
two  wedge-shaped  pieces  of  calcareous  spar,  cemented  together 
by  Canada  balsam,  are  often  used :  the  latter  is  called  Nicholas 
prism. 

C.  Are  the  ordinary  and  extraordinary  rays  from  double  re- 
fraction polarized  ? 

T.  Yes :  and  each  is  endowed  with  the  new  properties  at  right 
angles  to  the  other. 

E.  I  see  you  are  preparing  to  leave  us  for  the  day ;  but»before 
you  go,  try  and  find  us  some  familiar  illustration  by  which  we 
may  remember  polarized  light,  and  some  of  its  properties. 

T,  I  have  told  you  that  light  is  generally  believed  to  be  a 
series  of  vibrations  or  waves.  In  ordinary  light  the  waves  are 
not  only  horizontal,  like  those  of  the  sea,  but  vertical,  like  those 
of  the  drapery  that  hangs  before  the  windows  in  the  drawing- 
room.  Now,  in  polarization  one  set  of  the  waves  is  cut  off,  being 
absorbed  by  the  polarizing  body.  Suppose  this  body  to  be  a 
slice  of  agate,  and  the  agate  to  be  laminated  in  one  direction 
like  a  gridiron.  If  it  is  placed  with  the  laminae  in  a  horizontal 
direction,  n(me  of  the  vertical  waves  can  pass  through  :  they  will 
be  stopped,  so  that  the  light,  when  it  emerges  on  the|other  side, 
will  only  consist  of  horizontal  waves.  If  another  piece  of  agate 
is  placed  in  the  course  of  these  waves,  it  will  allow  them  to  pass 
through,  if  it  is  placed  with  its  laminae  horizontally,  as  the  other 
was ;  but  if  it  is  turned  so  that  they  are  vertical,  the  horizontal 
waves  will  be  arrested,  and  all  will  be  dark.  So  you  see  that  in 
this  simple  case  polarization  absorbs  one  set  of  waves,  and  ana- 
lyzation  the  other. 

In  cases  of  perfect  double  refraction,  both  sets  of  waves  pass 
through  the  crystal ;  but  they  are  separated  from  each  other,  so 
that  an  analyzing  plate  would  let  one  set  of  waves  or  one  ray 
pass,  and  would  intercept  the  other. 

C.  I  think  we  shall  be  able  now  to  remember  the  nature  of 
polarized  light. 

T.  Before  we  part,  I  have  some  more  facts  to  mention  that 
will  be  equally  instructive ;  they  refer  to  what  has  been  termed 
coloured  polarization.    You  remember  what  I  said  of  interferences, 
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when  various  tints  are  produced  by  the  reflection  of  light  from 
thin  films.  An  analogous  phenomenon  occurs  with  polarized 
light;  and  in  this  case  the  thin  film  is  called  a  depolarizer. 
"When  thin  laminae  of  mica,  Iceland  spar,  rock-crystal,  &c.,  are 
placed  between  the  polarizing  and  the  analyzing  plates,  the  in- 
terferences in  the  vibrations  are  produced,  and  they  are  mani- 
fested by  the  production  of  colours:  the  tint  depends  on  the 
thickness  of  the  film  and  the  nature  of  the  crystal ;  if  the  film  is 
of  uniform  thickness,  the  colour  is  uniform ;  if  it  varies,  the  tints 
also  vary.  Selenite,  or  hydrated  crystal  of  sulphate  'of  lime,  is 
extensively  employed,  on  account  of  the  ease  with  which  it  is 
laminated  ;  and  by  arranging  together  pieces  of  various  thicknesses 
and  forms,  coloured  objects,  such  as  birds,  flowers,  figures,  &c., 
may  be  exhibited  ;  and  when  the  whole  is  fitted  in  tubes  and 
illuminated  by  the  oxy-hydrogen  light,  the  objects  may  be  thrown 
on  a  screen,  as  with  the  magic  lantern. 

C.  Does  any  change  occur  to  coloured  polarized  light,  as  to 
ordinary  polarized  light,  by  rotating  any  part  of  the  apparatus  ? 

T.  Yes :  if  the  thin  film  is  rotated,  there  are  four  positions  in 
which  the  colour  is  produced,  and  four  in  which  there  is  none ; 
if  the  analyzer  is  rotated,  there  are  also  four  positions  of  colour, 
and  four  without ;  but  the  alternate  quadrants  or  quarters  of  the 
circle  give  complementary  colours;  so  that  if  the  original  tint 
were  green,  the  next  quadrant  would  give  red,  the .  next  green, 
and  the  next  red.  Hence  a  red  rose  with  green  leaves  would, 
by  a  quarter  rotation  of  the  analyzer,  be  converted  into  a  green 
rose  with  red  leaves.  If  the  complementary  tints,  as,  for  instance, 
two  circles,  are  made  to  overlap  each  other,  white  light  is  pro- 
duced. 

C.  Have  these  curious  facts  any  practical  application  ? 

T.  They  have :  for  by  these  means  we  can  discover  what  bodies 
possess  double  refracting  properties ;  for  many  are  possessed  of 
this  power,  although  in  so  small  a  degree  a^  not  to  give  double 
images,  like  the  piece  of  Iceland  spar  that  I  employed  at  the 
beginning  of  our  conversation,  r  or  instance :  Dr.  Pereira 
advises  that  all  optical  glass  should  be  examined  by  the  polar- 
iscope  before  using,  in  order  to  discover  whether  it  is  badly 
annealed ;  this  is  readily  detected  by  polarized  light.  Polarized 
light  may  be  used  to  detect  the  true  character  of  the  various 
starches ;  as  potato-starch,  arrow-root,  tapioca,  wheat-starch,  rice7 
starch.  But  I  must  not  talk  too  deeply  on  this  subject,  for  I  fear 
to  confuse  instead  of  instruct  you.  All  I  wish  is  to  give  you  a 
few  of  the  leading  features  of  polarized  light ;  so  that  when  on 
some  future  day  you  sit  down  to  study  this  branch  of  physics,  it 
may  not  come  upon  you  as  entirely  new. 
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J,  Your  last  words  remind  me  of  some  observations  you  made 
last  week,  about  examining  camphine  by  polarized  light,  to  see  if 
it  were  good.     How  could  you  manage  this  ? 

T,  The  laws  by  which  this  would  be  determined  are  those  of 
circular  'polarization,  I  must  not  confuse  you  with  the  deeper 
parts  of  the  subject ;  but  merely  tell  you  that  certain  crystals, 
held  in  particular  directions,  as  a  plate  of  rock  crystal,  perpen- 
dicular to  the  axis  of  refraction,  produce  circular  polarization; 
that  is,  rings  are  apparent  round  the  axis,  and  a  uniform  tint 
occupies  the  centre :  if  the  plate  is  rotated,  no  change  occurs  ; 
but  if  the  analyzer  is  turned,  the  tints  vary.  When  homoge- 
neous light  is  used,  similar  plates  turn  the  ray  in  the  same 
direction ;  but  the  direction  is  not  the  same  for  all   circularly 

{)olarizing  bodies.  If,  on  turning  the  analyzer  from  left  to  right, 
ike  the  motion  of  a  watch,  the  order  of  the  colours  are  rec?, 
orange^  yellow,  green,  blue,  indigo,  and  violet,  it  is  termed  right' 
handed  polarization ;  if  the  same  succession  occurs  on  turning 
from  rignt  to  left,  it  is  termed  left-handed.  Now  many  liquids 
have  this  property ;  as  volatile  essential  oils,  syrups,  solution  of 
camphor,  &c.  Some  are  right-handed,  others  left-handed; 
and  what  is  very  peculiar  is  that,  if  you  place  any  one  of  them 
in  a  tube,  and  look  at  it  at  either  end,  it  is  in  each  view  right 
or  left  handed,  as  the  case  may  be :  that  is  to  say,  if  it  is  right- 
handed  when  looked  into  at  one  end  of  the  tube,  it  is  right- 
handed  when  looked  into  at  the  other.  The  arc  of  rotation 
varies  with  the  liquid  under  examination,  with  the  degree  of 
concentration  if  it  be  a  solution,  and  with  the  thickness  of  thq 
film. 

O.  What  apparatus  is  used  in  these  examinations  ? 
T,  The  polarizer  is  generally  a  black  glass :  then  comes  a  glasa 
tube  of  from  half  a  foot  or  two  or  three  feet  in  length,  contained 
in  a  brass  tube  ;  and  sometimes  a  few  perforated  pieces  of  silver 
are  placed  in  the  glass  tube,  in  order  to  exclude  any  reflected 
light  from  the  sides  of  the  tube.    The  analyzer  is  a  NichoFs 

f)rism,  or  a  doubly  refracting  crystal  of  calc  spar.  Homogeneous 
ight  is  preferred  for  these  examinations  ;  and  this  is  obtained  by 
placing  a  piece  of  red  glass  between  the  eye  and  the  analyzer. 
The  analyzer  is  furnished  with  an  index  pointing  to  a  graduated 
scale :  when  the  trial  commences,  the  index  is  made  to  point  to 
0^ ;  the  liquid  is  now  poured  in,  and  the  hole  at  the  further  end 
of  the  instrument  appears  like  two  holes ;  but  on  turning  the 
analyzer  a  certain  distance  one  way  or  the  other,  the  extra- 
ordinary ray  disappears.  The  angle  obtained  is  the  arc  of  rota- 
tion for  the  given  depth  of  the  given  substance  with  the  given 
ray ;  as  examples : — 
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LEFT-H  ANDED . 

Index.       ThickneM  of  Colamn.  Sp.  gr. 
Oil  of  turpentine    -  -      45^  6  in. 

Naphtha     -  -  -      12^40'  6*4 

.    Grape  juice  -  -        6^  6*3 

Apple  juice  -  -        3°  33'  63 

RIGHT-HA9DKD. 

Index.       Thickness  of  Colomn.   Sp.gr. 

Oil  of  citron           -          -  84°                    6*  in. 

Oil  of  bergamot     -          -  29°                    6* 

Oil  of  carraway     -          -  100°                    6* 
Solution  of  cane  sugar  in 

water-          -          -  23°  6'                6*             11052 

Ditto          -          -  51°  I'                6-              1-2310 
Sol.   of   sugar  of  milk  in 

water  -          -          -  10°  3'                6*             1*0537 
Sol.  of  sugar  of  starch  in 

water  -           -          -  48°  5'                6*             1*2459 
Sol.  of  tartaric  acid  in  equal 

weight  of  water         -  8°  5'                6*3 

C  I  see,  then,  that  in  plane  polarized  light,  the  maximum  and 
minimum  planes  are  at  right  angles  to  each  other ;  whereas,  when 
light  is  circularly  polarized,  they  are  at  different  angles,  according 
to  circumstances. 

T.  Exactly  so ;  and  the  angle  varies  according  to  the  colour  of 
the  lisht  employed :  it  is  least  with  red,  and  greatest  with  violet. 

J.  From  what  you  have  swd  about  the  action  of  organic  solu- 
tions on  polarized  light,  it  appears  that  it  would  not  be  a  very 
difficult  matter  to  use  it  as  a  test. 

T.  No :  and  it  furnishes  a  very  curious  test  by  which  bodies 
physically  different  but  chemically  the  same  can  be  distinguished. 
It  actually  enables  us  to  look  into  the  very  structure  of  bodies, 
and,  as  it  were,  to  feel  out  their  secret  nature.  And  when  all 
ordinary  means  have  failed  to  detect  differences,  this  singular 
property  of  light  will  find  them  out  and  make  them  manifest. 

(/.  I  do  think  that  of  all  you  have  yet  told  us,  this  strange 
property  of  light  is  the  most  remarkable. 

T.  There  are  many  other  curious  facts  connected  with  it ;  but 
as  my  present  desire  is  merely  to  give  you  a  rough  outline  of  the 
subject,  I  will  not  say  more,  but  advise  you,  as  you  grow  older, 
to  read  for  yourself,  and  also  to  take  the  opportunity  presented 
to  you  by  such  institutions  as  the  Polytechnic  to  see  the  experi- 
ments. Indeed,  if  you  should  cease  to  reside  near  London,  there 
is  scarcely  a  provincial  town  that  has  not  its  Literary  Institution ; 
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and  few  seasons  pass  without  polarized  light  being  selected  as  the 
subject  of  illustration,  on  account  of  the  facility  which  the  oxy- 
hydrogen  light  presents  of  throwing  the  brilliant  objects  upon  a 
screen. 


CONVERSATION  XXVI. 

Chemical  Properties  of  Light, -^Sun-Pictures, — Photographs, — • 

Daguerreotype, 

T,  It  had  not  been  my  original  intention  to  have  introduced 
any  subject  into  these  conversations  which  should  bear  upon 
Chemistry  ;  for  that  science  is  so  extensive  that  I  could  not  hope 
to  give  you  much  information  without  entering  into  it  system- 
atically and  somewhat  at  length.  And  as  we  have  not  here  the 
means  of  illustrating  it  by  experiment,  I  would  prefer  your  attend- 
ing a  complete  course  of  lectures.  But  I  have  had  occasion, 
when  describing  the  stereoscope,  to  mention  daguerreotypes  and 
photographs,  and  I  must  try  to  explain  the  processes,  without 
entering  more  than  is  needful  on  the  forbidden  subject. 

J.  We  shall  be  very  glad  to  have  some  general  description  of 
these  processes  ;  for  I  must  confess,  that  when  my  sister  had  her 
portrait  taken,  as  if  by  magic,  by  M.  Claudet,  I  felt  very  curious 
on  the  subject 

T,  You  are  aware  that  many  things  alter  in  appearance,  by 
exposure  to  the  sunlight  or  the  light  of  day.  Silver,  in  its  various 
chemical  combinations,  is  most  sensitive ;  and  hence  has  long 
been  employed  for  marking  linen.  Marking- ink  is  nitrate  of 
silver,  that  is,  silver  dissolved  in  nitric  acid ;  not  simply  dissolved 
like  sugar  in  water,  but  by  dissolving,  united  to  the  acid,  so  as  to 
produce  a  new  thing,  unlike  either  the  metal  or  the  acid  in  ap- 
pearance or  properties.  It  is  a  white  transparent  crystal.  The 
act  of  uniting  is  called  chemical  combination.  These  crystals  are 
dissolved  in  water ;  a  little  lamp-black  or  indian-ink  is  added,  so 
that  the  liquid  may  be  visible  to  the  eye,  and  some  gum-water  is 
introduced,  that  the  colouring  matter  may  not  sink. 

J,  I  have  noticed  that,  when  mamma  marks  the  lineii,  she  lays 
it  on  the  lawn  in  the  sun. 

T,  She  does  ;  and  in  so  doing,  she  makes  a  real  photographic 
experiment.  The  whole  art  consists  in  preparing  much  more 
highly  sensitive  salts  of  silver ;  in  arranging  them  on  metal,  on 
paper,  or  on  glass,  and  allowing  rays  of  light  of  various  intensities 
to  act  upon  them  until  the  desired  result  is  obtained ;  and  then 
taking  means  to  secure  and  preserve  the  change  that  has  been 
produced,  and  prevent  any  further  change  occurring.    FtQ\s!L>&^^ 
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following  experiment  you  will  understand  the  principles  on  which 
the  art  is  based ;  you  will  see  that  it  is  one  step  onward  beyond 
marking  linen. 

I  have  here  an  ounce  vial,  which  I  have  filled  with  pure  rain- 
water, and  have  added  to  it  50  grains  of  nitrate  of  silver,  and  in 
this  dish  I  have  some  salt  and  water  not  very  strong.  We  will 
dip  the  paper  into  the  salt  water,  and  then  dry  it  with  blotting- 
paper  ;  we  will  now  close  the  shutters,  and  brush  some  of  the 
silver  solution  over  one  side  of  the  paper,  and  dry  it  in  the  dark. 

C.  Why  do  this  in  the  dark  ? 

T,  Because  the  action  of  daylight  will  blacken  the  paper  now 
covered  with  a  sensitive  salt  of  silver.  The  paper  thus  prepared 
is  photographic  paper,  and  is  the  commencement  of  the  dis- 
coveries of  Mr.  Fox  Talbot,  first  made  known  in  January  2,  1839. 
Gather  a  leaf  from  the  vine ;  lay  it  on  the  prepared  paper  ;  press 
it  down  with  a  piece  of  glass,  to  keep  it  close  and  in  its  place ; 
and  let  us  come  to  the  window  and  expose  it  to  the  sun  for  a  few 
minutes.  Now  examine  the  result  by  the  light  of  a  candle  in  the 
darkened  room. 

C.  Dear  me  !  we  have  made  a  perfect  picture  of  the  leaf.  All 
the  veins  are  distinctly  traced  out  in  light  lines,  and  the  more 
transparent  parts  are  darker. 

T.  In  fact,  where  no  light  passed,  on  account  of  the  thickness 
of  the  fibre,  no  change  has  occurred ;  and  the  more  the  light 
passed,  as  in  the  semi-transparent  parts  of  the  leaf,  the  deeper 
is  the  tint ;  while  around  the  leaf,  where  there  was  nothing  to 
intercept  the  rays,  the  paper  is  quite  darkened. 

J,  But  still  I  do  not  see  that  such  a  picture  as  this  is  worth 
much  ;  for  it  is  very  clear  that,  in  order  to  have  the  benefit  of 
such  pictures,  we  must  keep  them  in  a  dark  room,  and  only  look 
at  them  by  candlelight ;  which  would  be  very  inconvenient. 

T,  It  would ;  but  if  you  now  well  wash  the  picture  in  salt  and 
water,  it  will  destroy  all  further  sensitiveness  m  the  paper,  and 
the  picture  will  remain  permanent,  while  the  rest  of  the  paper 
will  be  unchangeable  when  expos/ed  to  light. — I  ought  to  tell  you 
that  the  common  salt,  in  this  experiment  presented  to  the  nitrate 
of  silver,  had  produced  another  compound  of  silver,  called  chloride 
of  silver,  and  which  is  more  sensitive  than  the  nitrate.  When  you 
have  learned  more  of  chemistry,  you  will  better  understand  how 
these  chemical  changes  are  brought  about,  so  as  to  produce  new 
compounds. 

As  a  contrast  to  marking-ink,  and  to  this  primitive  photographic 
paper,  a  process  has  lately  been  discovered  by  Mr.  Talbot,  and 
which  I  will  describe  presently,  for  producing  a  surface  so  sensi- 
tive that  the  picture  is  produced  in  the  short  space  of  a  second 
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during  which  an  electric  spark  exists,  and  by  the  light  itself  of  the 
spark. 

(7.  Will  you  describe  to  us  some  of  the  most  sensitive  papers, 
and  tell  us  some  of  their  applications. 

T.  At  the  Royal  Observatory,  Greenwich,  it  is  no  longer  ne- 
cessary to  watch  hour  by  hour  the  changes  in  the  indications  of 
certain  instruments,  as  the  barometer,  the  thermometer,  the  mag- 
nets, &c.  as  was  formerly  the  case ;  but  light  and  photographic 
paper  do  the  work,  and  leave  the  assistants  at  liberty  to  attend 
to  other  duties.  The  arrangements  employed  are  the  invention 
of  Mr.  Brooke.  To  4  grs.  of  isinglass  is  added,  little  by  little, 
1  oz.  of  boiling  distilled  water ;  and  the  solution  is  then  boiled. 
To  this,  when  filtered,  are  added  12  grs.  of  bromide  of  potassium, 
and  8  grs.  of  iodide  of  potassium.  One  side  of  the  paper  is  washed 
with  this  solution,  and  quickly  dried  by  a  fire,  and  may  be  kept 
in  the  dry  for  use  for  two  months. 

A  solution  is  made  of  50  grs.  of  nitrate  of  silver  in  1  oz.  of 
water ;  and  the  one  side  of  the  paper  is  washed  with  this  when 
required  for  use.  This  operation  must  be  done  in  a  darkened 
room,  and  with  a  yellow  light. 

J.  But  why  a  yellow  light,  rather  than  any  other  colour  ? 

T.  I  have  in  a  previous  confersation  explained  to  you,  that 
white  light  is  compounded  of  seven  colours.  It  has  been  found  that 
the  violet  ray  has  the  greatest  chemical  power ;  and  that  the  yel- 
low ray  has  little  or  none ;  so  that,  while  it  furnishes  light  enough 
to  guide  us  in  these  operations,  it  produces  no  chemical  change  jn 
the  sensitive  paper.  The  vine-leaf  would  be  very  quickly  im- 
pressed on  this  paper,  but  will  not  be  visible  to  the  eye  until 
washed  in  a  mixture  consisting  of  a  few  drops  of  acetic  acid, 
added  to  an  ounce  of  saturated  solution  of  ^lic  acid,  which 
must  be  done  in  the  dark  or  yellow  light ;  and  before  daylight  is 
admitted  the  paper  must  be  washed  in  a  solution  of  1  drachm  of 
hyposulphite  of  soda  in  5  oz.  of  distilled  water,  in  order  to  fix  the 
picture.     It  is  finally  washed  in  clean  water. 

C,  You  have  mentioned  many  chemicals,  of  which  I  never 
heard  before  ;  and  1  should  not  know  how  to  prepare  them,  if  I 
wished  to  have  some  of  this  paper. 

T,  It  is  not  necessary ;  for  they  are  all  well  known,  and  are  to 
be  purchased  prepared  for  these  purposes.  In  observing  the 
thermometer,  a  sheet  of  this  paper  is  fixed  on  a  cylinder  that 
revolves  by  a  clock  movement  in  24  hours.  The  thermometer 
is  placed  between  the  paper  and  a  gas-light ;  and  the  light  is  so 
screened  and  directed  that  the  mercury  of  the  instrument  is  in 
the  direct  course  of  the  ray,  and  intercepts  it.  If  the  mercury 
reached  the  top  of  the  tube,  no  light  could  arrive  at  the  yai^r  \ 
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and,  in  proportion  as  the  mercury  rises  or  falls,  the  light  reaches 
less  or  more  of  the  paper,  and  msikes  a  trace. 

C,  I  quit«  see  this ;  the  mercury  is  like  the  fibre  of  the  leaf, 
and  when  in  the  way  of  the  light,  the  paper  is  unchanged. 

T,  Mr.  Muller  of  Patna,  in  India,  has  described  a  still  more 
sensitive  paper.  He  puts  15  grs.  of  nitrate  of  lead  into  1  oz.  of 
water,  and  floats  the  paper  in  this.  He  then  places  it  for  t^o 
minutes  in  a  solution  oi  10  grs.  of  iodide  of  iron  in  1  oz.  of  water, 
and  blots  it.  While  moist,  he  treats  it  with  a  solution  of  100  grs. 
of  nitrate  of  silver  to  1  oz.  of  water.  The  picture  on  this  paper 
is  instantaneous,  and  is  fixed  by  a  solution  of  hyposulphite  of 
soda. 

J.  It  has  occurred  io  me  that,  after  all,  these  pictures  are  all 
reversed ;  the  lights  and  shades  exchange  places,  and  we  have  a 
false  result 

T,  These  original  pictures  are  called  negative  pTiotographs ; 
and  in  cases  where  it  is  necessary  that  the  lights  and  shades  should 
be  true,  positive  pictures  are  taken  by  means  of  these  negatives. 
The  negative  is  made  transparent  by  white  wax  or  albumen,  and 
is  pressed  upon  other  prepared  paper,  and  exposed  to  the  light, 
when  a  true  picture  is  obtained.  But  effective  though  this  process 
may  be  in  many  cases,  it  is  not  ^sentially  good ;  for,  under  the 
best  of  circumstances,  the  paper  is  indifferently  transparent,  and 
hence  there  is  a  cloudiness  in  the  result  that  is  not  always  accept- 
able. 

Negatives  have  lately  been  taken  on  glass,  first  by  M.  Niepce, 
which  is  thus  prepared.  Two  tea-spoonfuls  of  solution  of  isin- 
glass are  added  to  the  white  of  three  eggs,  and  15  grs.  of  iodide 
of  potassium  are  added  thereto.  Some  of  this  is  spread  uniformly 
over  a  plate  of  glass,  and  is  dried  for  use.  When  wanted,  it  is 
breathed  on,  and  dipped  in  a  solution  of  10  grs.  of  nitrate  of  sil- 
ver in  1  oz.  of  distilled  water.  When  dry,  it  has  a  second  bath  of 
nitrate  of  silver,  containing  a  little  gallic  acid,  or  sulphate  of  iron. 
The  picture  is  brought  out  by  washing  in  solution  of  gallo-nitrate 
of  silver,  and  fixed  by  a  solution  of  5lO  grs.  of  bromide  of  potas- 
sium in  an  ounce  of  water. 

Mr.  Talbot's  "  instantaneous"  method,  to  which  I  referred  just 
now,  is  on  albuminized  glass.  The  glass  is  coated  with  a  mix- 
ture of  equal  parts  of  white-of-egg  and  water ;  it  is  dipped  into 
solution  of  3  ^s.  of  nitrate  of  silver  to  1  oz.  of  strong  alcohol  and 
water;  the  plate  is  then  dipped  in  a  mixture  of  1  measure  of 

Eroto-iodide  of  iron,  1  of  acetic  acid,  and  10  of  alcohol,  that  has 
een  kept  a  day  or  two.  The  plate  is  then  dipped  for  use  in  a 
mixture  of  3  oz.  of  water,  with  70  grains,  per  oz.  of  nitrate  of 
silver ;  and  2  oz.  of  acetic  acid.    The  picture  is  developed  by  a 
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mixture  of  three   parts  water  to  one  part  saturated  solution  of 
proto-sulphate  of  iron,  and  is  fixed  with  hypo-sulphite  of  soda. 

C7.  How  many  new  names  we  have  now  heard!  I  fear  we 
shall  have  much  trouble  in  remembering  them  ;  so  I  have  written 
them  down,  and  intend  referring  to  papa's  **  Brande's  Chemistry  " 
to  learn  a  little  more  of  their  nature. 

T,  I  have  two  more  names  to  introduce  to  you, — collodion  and 
pyro-gallic  acid. 

(7.  I  have  seen  collodion ;  for  when  I  cut  my  finger  last  week, 
it  was  placed  on  the  wound,  and  produced  a  thin  film. 

T,  Collodion  is  gun-cotton  dissolved  in  ether.  Gun-cotton  is 
obtained  by  immersing  cotton  in  a  mixture  of  equal  parts  by 
weight  of  nitric  and  sulphuric  acid,  and  then  well  wasning  and 
drying  it.  One  ounce  of  gun-cotton,  dissolved  in  seven  ounces 
of  sulphuric  ether,  produces  a  mucilaginous  solution  of  collodion. 
Iodide  of  silver  is  dissolved  to  saturation  in  solution  of  iodide  of 
potassium,  and  is  then  gradually  mixed  with  the  collodion.  The 
mixture  is  merely  poured  over  the  glass  plate  and  drained  off, 
so  that  the  surface  remains  smooth.  The  plate  in  this  state  is 
immediately  to  be  dipped  into  a  solution  of  30  grs.  of  nitrate  of 
silver  to  1  oz.  of  water,  and  is  used  immediately  and  while  moist. 
The  picture  is  developed  by  a  solution  of  3  grs.  of  pyro-gallic 
acid,  and  1  drachm  of  glacial  acetic  acid  to  1  oz.  of  water ;  and  is 
fixed  by  immersion  in  a  saturated  solution  of  hypo-sulphite  of 
soda,  rortraits  may  be  taken  with  the  camera  (using  this  process) 
in  from  3  to  30  seconds. 

C,  The  camera  that  M.  Claudet  employed  was  a  much  more 
complicated  instrument  than  the  one  you  described  in  our  twenty- 
third  Conversation. 

T,  The  discovery  of  the  photographic  art  has  called  forth  all 
the  ingenuity  of  opticians ;  and  the  camera  has  been  brought  to 
great  perfection.  Mr.  Beard  has  a  patented  camera,  in  which  the 
image  is  received  on  a  concave  mirror,  and  reflected  thence  to  its 
destination ;  but  there  are  inconveniences  attached  to  it,  and  it  is 
not  much  used.  The  usual  plan  is  to  receive  the  image  at  the 
back  of  the  camera,  which  is  generally  provided  with  a  plate  of 
ground  glass,  in  order  to  show  the  image  for  adjusting  the  focus 
before  commencing  operations.  The  lenses  are  the  most  im- 
portant part.  Voigtlander's  (of  Vienna)  are  in  high  repute  ;  for 
12  in.  pictures,  a  set  of  the  best  lenses  is  worth  45^.  They  are 
achromatic  ;  that  is,  are  compounded  of  flint  and  ground  glass,  so 
as  to  produce  no  fringes  of  colour.  They  are  about  4J  in.  in  dia- 
meter, and  have  a  focal  distance  of  10  in.  The  lens  of  the  best 
camera  at  the  Great  Exhibition  (Ross's)  is  thus  described : — "  It 
is  furnished  with  a  double  achromatic  object  lens,  about  3  in. 


888  OPTICS. 

aperture;  there  is  no  stop,  and  no  part  of  the  field  employed  which 
does  not  receive  plenty  of  light,  so  that  the  comers,  as  well  as  the 
middle  of  the  picture,  are  well  illuminated.  The  field  is  fiat,  and 
the  image  is  very  perfect  up  to  the  edges.** 

J.  I  have  noticed  that  extreme  care  has  been  taken  to  make 
the  paper  very  sensitive ;  and  I  judge  from  your  last  remarks  that 
the  grand  points  in  the  camera  are  to  give  a  well-defined  and 
correct  image,  and  to  let  as  much  light  as  possible  pass,  not  merely 
to  any  one  part  of  the  picture,  but  to  every  part. 

T.  I  am  glad  to  see  that  you  have  paid  attention  and  profited  by 
my  explanations.  Small  pictures  are  readily  illuminated  equally  ; 
but  all  the  skill  of  the  mathematician  and  of  the  optician  is  re- 
quired to  construct  apparatus  for  larger  pictures.  The  largest 
p4iolographic  camera  (Plagniol's)  in  the  Exhibition  had  a  2  ft. 
square  picture-surface ;  but  the  space  illuminated  by  the  w  hole  of 
the  object-glass  was  only  6J  in.  square.  New  cameras  produce 
collodion  pictures  12  by  10  inches. 

C,  You  have  not  yet  described  to  us  the  process  of  daguer- 
reotype.'   For  these  pictures  are  on  metal  plates,  not  on  pajjer. 

T,  I  cannot  venture  to  -give  you  more  tlian  a  general  idea  of 
these  arts ;  but  must  refer  you  to  one  or  other  of  the  excellent 
handbooks  on  Photogenic  Mani puliation,  where  you  will  find 
minute  details  upon  all  the  stages  of  the  processes,  and  will  see 
that  the  final  success  depends  on  a  rigid  attention  to  -rules  and 
on  careful  manipulation.  The  daguerreotype,  like  photography, 
depends  on  the  action  of  the  sun  upon  sensitive  salts  of  silver. 
In  this  case,  instead  of  being  presented  on  the  surface  of  paper, 
the  compounds  are  formed  on  the  silver  surface  of  a  metal  plate. 
Copper  plated  with  silver  forms  the  plate,  which  is  cleaned  and 
IX)lished  with  extreme  care.  The  clean  plate  is  placed  over  a 
pan  containing  a  few  crystals  of  iodine,  and  then  over  a  pan 
containing  a  solution  of  bromine.  Much  care  and  experience  are 
required  in  the  operations  of  "  iodizing  "  and  "  bromining."  Pro- 
cesses are  known  in  which  these  substances  are  simultaneously  pre- 
sented, and  sometimes  also  in  union  with  other  accelerating  bodies. 
The  plate  now  made  sensitive  is  ready  for  the  camera,  and  should 
produce  a  portrait  in  bright  weather  in  ten  or  twelve  seconds. 
Arrangements  are  prepared  for  shutting  the  plate  in  a  frame  im- 
pervious to  light,  before  removing  it  from  the  camera.  It  is  then 
introduced  into  a  box,  where  it  is  exposed  to  vapours  of  mercury, 
which  are  made  to  rise  by  the  heat  of  a  lamp.  The  mercury 
condenses  on  the  plate,  and  reveals  the  picture.  The  sensitive 
surface  is  finally  removed  from  the  rest  of  the  plate,  by  washing  it 
with  a  solution  of  1  oz.  of  hypo-sulphite  of  soda  in  a  pint  of  water  ; 
and  it  is  finished  by  washing  in  hot  distilled  water,  which  is  care- 
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fully  drained  off  so  as  to  leave  no  stain.  In  conclusion,  I  should 
tell  you  that  the  French  government  gave  Daguerre  an  annuity  of 
i250/.,  since  increased  to  446^. ;  and  to  Niepce  an  annuity  of 
166/.,  on  condition  that  they  should  make  public  their  discovery, 
which  they  did,  and  so  made  it  the  property  of  the  world.  Not- 
withstanding this,  it  has  in  some  way  been  made  the  subject  of 
patents  in  England. 

Mr.  Talbot,  who  has  been  largely  concerned  in  bringing  to  per- 
fection the  photographic  art,  and  who  has  several  patents  for  his 
discoveries,  in  the  summer  of  1852  freely  presented  his  patents  to 
the  public,  reserving  only  portrait-taking,  which  he  subsequently 
and  most  liberally  surrendered. 

The  public  are  now  at  liberty  freely  to  use  the  art  in  all 
respects,  and  are  now  able  each  tor  himself  to  introduce  and  to 
use  such  improvements  as  cannot  fail  to  present  themselves  in  the 
course  of  personal  experience. 

C,  1  have  observed  that  some  daguerreotype  portraits  are 
coloured  ;  is  this  done  by  the  action  of  light  ? 

1\  No ;  it  is  the  work  of  an  artist,  who,  after  the  sun-picture 
is  completed,  applies  coloured!  powders  to  such  parts  as  he  wishes 
to  tint.  It  is  confidently  believed,  however,  that  the  time  is  not 
far  distant,  when  the  sun  will  take  the  picture,  and  tint  it  also  in 
its  tnie  colours.  In  Nov.  1852,  M.  Niepce  described  the  success 
that  had  hitherto  been  attained  by  him,  but  has  not  yet  given  the 
details.  He  has  operated  on  a  doll  dressed  in  different  coloured 
stuffs,  and  with  gold  and  silver  lace.  He  has  obtained  all  the 
colours,  and  the  metallic  lustre  of  the  lace  ;  and  has  copied  rock- 
crystal,  alabaster,  and  porcelain,  with  their  peculiar  lustres.  The 
silver  plates  are  said  to  be  prepared  with  chloride  of  copper. 

A  Photographic  Society  has  been  formed  in  London  since  the 
patents  have  been  presented  to  the  public  by  Mr.  Talbot,  and  the 
art  is  now  making  rapid  progress. 

C,  Will  you  kindly  tell  us,  before  we  finish  this  delightful  part 
of  our  studies,  the  best  mode  of  proceeding  to  insure  a  good 
collodion  picture,  so  that  we  may  be  able  to  take  papa's  portrait. 

T,  1  will  do  so  with  very  great  pleasure,  and  I  am  enabled 
not  only  to  give  you  my  own  experience,  but  that  of  my  friend 
Mr.  Richard  Thomas,  of  10  Pall  Mall,  who  has  studied  photography 
with  great  success  for  many  years,  and  is  now  one  of  the  best 
manufacturers  of  collodions,  photographic  chemicals,  and  apparatus 
in  London.  You  had  better  write  down  all  I  say,  as  there  are 
so  many  minutiae  to  be  attended  to ;  and  also,  procure  Mr. 
Thomas's  pamphlet  on  the  subject. 
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DIRECTIONS. 

1.  The  edges  of  the 'glass  should  be  ground  all  round,  abo 
slightly  on  the  surface  of  the  edge ;  thb  prevents  contraction  of  the 
film,  and  enables  it  to  resist  the  action  of  a  heavy  stream  of  water. 

2.  To  dean  the  glass ^  if  new, — Make  a  mixture  of  spirits  of 
wine  and  liquor  ammonise,  equal  parts ;  render  it  as  thick  as 
cream  with  tripoli,  with  a  piece  of  cotton- wool,  kept  for  this  pu^ 
pose,  rub  a  small  quantity  over  that  side,  ground  as  described ;  wash 
well  under  a  tap  of  water,  and  wipe  dry  with  a  piece  of  old  linen, 
washed  without  soap,  and  kept  scrupulously  clean  for  this  purpose. 
Plates  should  not,  however,  be  cleaned  in  the  operating  room  with 
the  above  mixture — the  vapour  of  ammonia  might  prove  injurious 
to  the  chemicals. 

3.  Now  polish  with  an  old  white  silk  handkerchief:  if  this 
latter  precaution  be  not  taken,  small  particles  of  linen  will  be  left 
upon  the  plate  ;  these  are  perhaps  only  seen  when  draining  off  the 
cx)llodion  ;  they  form  nuclei  and  eddies,  checking  the  collodion  in 
its  course  ;  some  of  these  minute  fibres  are  washed  off  and  con- 
taminate the  next  picture.  To  all  lovers  of  clean  pictures  my 
advice  therefore  is,  naving  well  dried  the  plate  with  old  linen,  lay 
it,  clean  side  upwards,  upon  a  few  sheets  of  common  glazed  demy 
paper  (not  blotting),  and  rub  it  hard  with  the  silk  until  sensibly 
warm ;  this  has  the  double  advantage  of  dbpersing  fibres  and 
moisture,  for  all  glass  plates  are  slightly  in  a  hygrometric  condi- 
tion. Double  the  silk  rubber  up  to  form  a  pad,  and  with  this  the 
glass  must  be  firmly  dusted  down  just  before  pouring  on  the  collo- 
dion, which  will  then  run  most  evenly ;  if  the  coated  plate  is  now 
viewed  by  transmitted  light,  not  a  speck  or  blemish  will  be  seen 
upon  it.  When  a  plate,  cleaned  as  above  described,  is  breathed 
upon,  the  moisture  does  not  evaporate  slowly,  but  flies  off.  Do 
not  be  afraid  of  putting  the  glass  into  an  electrical  condition  with 
the  silk  rubber ;  on  thb  account  objections  have  been  raised  to  the 
use  of  silk  :  practically,  however,  I  find  it  a  most  valuable  auxi- 
liary in  this  starting  point  of  the  process,  the  perfect  manipulation 
of  which  makes  an  important  difference  in  the  value  of  the  finished 
picture.  What  can  be  more  unartistic  and  annoying  to  an  educated 
eye  than  spots,  patches,  stars,  and  sky-rockets,  the  forms  and 
shapes  of  which  rival,  in  numberless  variety,  a  display  of  firc^ 
works  ?  let  us  not,  therefore,  be  contented  with  pictures,  however 
good  in  other  respects,  presenting  these  deformities — so  many 
blots  on  the  photographic  escutcheon. 

N.B. — To  clean  a  glass  after  having  used  it,  when  not  var- 
nished. — Wash  off  the  collodion  film  with  water,  and  dry  as 
above. 


PHOTOGRAPHS.  391 

Having  arranged  a  perfectly  darkened  room,  lighted  either  by  a 
lamp  covered  with  yellow  calico,  or  from  an  aperture  or  small 
window  covered  with  at  least  four  folds  of  yellow  calico,  you  may 
proceed  with  the  following  operations : — 

To  coat  tlie  plate. — First  remove  all  the  particles  of  dried  collo- 
dion from  the  mouth  of  the  bottle.  Now  pour  upon  the  centre  of 
the  cleaned  glass  as  much  collodion  as  it  will  hold ;  do  not  per- 
form this  operation  hurriedly ;  take  time,  and  systematically  in- 
cline the  plate  in  such  a  manner  that  the  collodion  may  run  into 
each  corner  in  succession ;  when  perfectly  covered,  pour  oflP 
gently  the  excess  into  the  bottle  at  one  of  the  comers  nearest  to 
you ;  with  observation  and  practice,  dexterity  is  easily  acquired. 
There  are  many  ways  of  coating  the  plate ;  each  person  will 
adopt  that  which  practice  teaches  him  is  best.  The  pneumatic 
plate-holder  is  a  convenient  little  instrument  to  use  for  hdldinjc 
the  plate  whilst  pouring  on  the  collodion,  it  may  be  used  for  both 
small  and  large  plates. 

N.B. — Keep  the  corner  of  the  glass  plate  in  contact  with  the 
neck  of  the  bottle  whilst  pouring  off  the  collodion,  otherwise  the 
film  will  be  wavy  in  places. 

4.  As  soon  as  the  collodion  ceases  to  run,  plun;2:e  the  prepared 
glass  gently  without  stopping  into  the  nitrate  of  silver  bath. 

Formula  for  the  preparation  of  the  nitrate  of  silver  hath : — 

Into  a  20  oz.  stoppered  bottle  put 
Nitrate  of  silver,  IJ  ounces. 
Distilled  water,  4  ounces.     Dissolve. 

To  this  solution  add 

Iodide  of  potassium,  4  grains. 
Dissolved  in  1  drachm  of^distilled  water. 

Mix  these  two  solutions ;  the  precipitate  (iodide  of  silver)  thus 
formed  is,  by  shaking,  entirely  dissolved.  Add  16  ounces  of  dis- 
tilled water  when  the  excess  of  iodide  silver  is  again  thrown  down, 
but  in  such  a  finely  divided  state  as  to  render  the  saturation  of  the 
bath  with  iodide  of  silver  perfect.  Now  drop  in  sufiicient  of  the 
oxide  of  silver  to  turn  the  turbid  yellow  solution  a  dirty  brown 
colour ;  so  long  as  this  effect  is  produced  the  quantity  of  oxide  of 
silver,  however  much  in  excess,  is  of  no  consequence ;  shake  the 
bottle  well  for  10  minutes  or  so  at  intervals,  then  add  alcohol, 
30  minims,  and  filter;  to  the  filtered  solution  add  dilute  nitric  acid 
of  the  strength  stated,  6  minims.  The  bath  is  now  ready  for  use, 
and  should  be  quite  neutral. 

N.B. — Mr.  'I'homas  prepares  this  bath  ready  for  use ;  it  may  be 
had  from  him  for  a  little  more  than  the  cost  of  the  nitrate  of  sUver 
used. 


892  OPTICS. 

6.  Allow  the  prepared  glass  to  remain  in  this  bath  from  iave  to 
ten  minutes,  according  to  the  temperature.  Just  before  taking  it 
out,  move  it  up  and  down  three  or  four  times  ;  drain  it,  but  not 
too  closely ;  when  in  the  frame,  place  upon  the  back  a  piece  of 
common  blotting-paper,  to  absorb  moisture ;  the  two  lower  silver 
wires  should  be  covered  with  slips  of  blotting-paper  :  the  sooner 
it  is  placed  in  the  camera  the  better. 

6.  The  time  of' exposure  can  only  be  ascertained  by  practice: 
no  rules  can  be  laid  down  ; — and  I  am  unacquainted  with  any  royal 
road  but  that  of  experience  leading  to  constant  success  in  this 
most  imjjortant  point. 

7.  The  plate  having  been  taken  from  the  camera,  and  placed 
upon  a  level  stand,  or  held  in  the  hand,  develop  immediately  the 
latent  image  with  the  following  solution : — 

Pyroprallic  acid,  3  grains. 
Distilled  water,  1  ounce. 
Acetic  acid  (glacial),  1  drachm.    Mix. 

Take  one  part  of  this  solution  and  two  parts  of  distilled  water  for 
use.  The  pyrogallic  solution  made  with  proper  acetic  acid,  and  of 
the  above  strength,  may  be  kept  for  a  month  or  more  in  a  cool 
place.  Nevertheless,  if  the  conditions  of  light  and  situation  are 
unfavourable,  I  should  prefer  this  solution  just  made. 

8.  When  the  image  is  sufficiently  intense,  wash  freely  with 
common  filtered  water;  then  pour  on  a  saturated  solution  of 
hyposulphite  of  soda,  which  should  immediately  remove  the  iodide 
of  silver:  wash  again  well  with  water;  allow  as  much  as  the 
plate  will  hold  to  soak  in  for  at  least  half  an  hour,  to  remove  all 
traces  of  hyposulphite  :  lastly,  wash  the  plate  with  a  little  distilled 
water;  stand  up  to  dry,  and,  if  required,  varnish  with  amber 
varnish.  The  varnish  prepared  by  Mr.  Thomas  adds  veiy  much 
to  the  blackness  of  the  negative ;  this  is  made  evident  by  varnish- 
ing half  the  plate  only. 

NOTES. 

1 .  To  produce  a  good  printing  negative  with  a  single  lens,  it  is 
advisable  that  the  sun  should  be  upon  the  object,  or  else  it  must 
be  very  well  lighted,  and  in  the  open  air.  Ijandscapcs  generally 
want  in  breadth  and  artistic  efiect  when  taken  without  sun ;  the 
charming  efi*ects  of  light  and  shade  are  absent,  the  whole  picture 
being  generally  flat  and  misty ;  there  may,  however,  be  a  few 
accidental  exceptions  to  this  rule. 

2.  In  cases  where  it  is  desirable  to  add  to  the  intensity  of  the 
negative,  a  few  drops  of  the  bath  may  be  mixed  with  the  develop- 
ing liquid  towards  the  end  of  the  development. 

3.  All  stains  on  the  hands,  linen,  &c.,  may  be  removed  by 
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Thomas's  cyanogen  soap,  which  should  be  applied  without  water 
at  first,  then  thoroughly  washed  off.  To  assist  the  operation,  the 
hands  may  be  now  gently  rubbed  with  a  fine  piece  of  pumice- 
stone,  when  the  stains  quickly  disappear. 

4.  Glass  baths  are  preferable  to  gutta  percha  for  solution  of 
nitrate  of  silver.  A  largre  assortment,  of  a  superior  kind,  may  be 
seen  at  No.  10,  Pall  Mall. 

5.  In  using  amber  varnish,  before  pouring  it  off,  keep  the  plate 
horizontal  a  few  seconds — this  gives  time  for  soaking  in,  and  pre- 
vents the  formation  of  prismatic  colours  arising  from  too  thin  a 
coating. 

6."  Rub  the  lenses  frequently  with  a  soft  and  clean  wash-lea- 
ther; the  rapidity  of  action  is  much  influenced  by  the  brightness 
of  the  lenses :  their  surfaces  are  constantly  affected  by  moisture  in 
the  atmosphere,  which  condensing,  destroys  the  brilliancy  of  the 
image. 

7.  Bear  in  mind  that,  as  light  is  the  producing  agent,  so  will  it 
prove  a  destructive  one  ;  not  less  than  four  folds  of  yellow  calico 
should  be  used  to  obstruct  white  light ;  and  in  that  case  the  aper- 
ture covered  should  be  no  larger  than  is  necessary  to  admit  suf- 
ficient light  for  working.  This  remark  particularly  applies  to  the 
collodion  process. 

8.  The  white  blotting-paper  commonly  sold  for  photographic 
purposes  is  not  suitable  for  filtering  the  solution  :  that  only  should 
be  employed  which  is  used  by  chemists  for  delicate  chemical 
operations.  Filtering-paper  for  nitrate  of  silver  bath,  &c.,  &c., 
may  be  procured  at  10,  Pall  Mall. 

,  9.  Hyposulphite  of  soda, — A  great  deal  of  rubbish  is  sold 
under  the  name  of  this  salt ;  as  a  test  of  its  quality,  1^  drachm 
should  entirely  dissolve  in  one  drachm  of  water,  and  this  solution 
should  dissolve  rather  more  than  4  J  grains  of  iodide  of  silver. 

10.  Chemicals. — ^The  purity  of  photographic  chemicals  cannot 
be  too  strongly  urged  : — the  cheapest  are  not  always  the  most 
economical.  The  commercial  preparations  are  generally  not  to 
be  depended  uj)on,  as  these,  though  perhap  unadulterated,  are, 
strictly  speaking,  not  chemically  pure.  It  is  best  to  procure 
them  from  well-known  chemists,  who  understand  the  purpose  for 
which  they  are  intended,  and  make  the  preparation  of  these  sub- 
stances peculiarly  a  branch  of  their  business. 

11.  Never  leave  chemical  solutions  exposed  in  dishes;  when 
done  with,  pour  them  back  into  glass  stoppered  bottles  and  decant 
for  use  from  any  deposit,  or  filter  if  necessary. 

12.  In  all  photographic  processes  it  is  absolutely  necessary  to 
be  chemically  clean  ;  and  this  sometimes  is  not  easy  ;  as  a  rule, 
never  be  satisfied  with  cleanly  appearances  only,  but  take  such 


394  OPTICS. 

measures  as  shall  insure  the  absence  of  all  extraneous  matter  in 
preparing  the  solutions,  cleaning  the  glasses,  dishes,  &e. 

13.  To  print  from  the  negative  picture. — ^The  alkaline  chloride 
of  gold  process  should  be  employed.  Use  albuminized  papier 
saxe,  either  thick  or  thin — the  latter  when  fine  definition  is  re- 
quired. Float  each  piece  of  paper  for  five  minutes  upon  a  solution 
of  nitrate  of  silver  (80  grains  to  1  ounce  of  distilled  water),  and  use 
it  as  soon  as  it  is  quite  dry.  A  brighter  colour  is  obtained  when 
the  paper  is  used  very  soon  after  excitation ;  let  the  paper,  however, 
be  quite  dry  before  using  it:  expose  in  the  frame  in  the  usual 
way.  In  sunlight  the  time  of  exposure  will  vary  from  ten  minutes 
(the  minimum  time)  to  half  an  hour  for  ordinary  subjects  ;  but  a 
much  longer  exposure  will  be  necessary  for  the  representation  of 
black  and  white  subjects,  such  as  engravings.  Be  very  careful  to 
examine  the  print  in  yellow  lighty  whilst  printing :  if  the  frame 
be  opened  even  for  a  second  or  two  in  daylight,  a  slight  general 
action  of  light  will  take  place  over  the  whole  surface  of  the  pic- 
ture. Conduct  the  operations  of  toning  and  fixing  in  yellow  light. 
The  perfect  exclusion  of  all  white  light  from  the  dark  room  can- 
not be  too  much  insisted  upon.  When  the  print  has  reached  the 
proper  intensity  (allowing  for  the  reduction),  remove  it  from  the 
printing-frame,  and  wash  away  in  several  changes  of  common 
water  all  the  nitrate  of  silver;  when  this  has  been  properly 
effected,  prepare  the  following  bath,  but  not  before  it  is  required 
for  use ; — 

Solution  of  bicarbonate  of  soda,  40  minims 

(Strength,  8  grains  to  1  oz.  distilled  water). 

Solution  of  chloride  of  gold,  20  minims 

(Strength,  15  grains  to  6  drachms  of  distilled  water). 

Distilled  water,  4  oz.     Mix. 

The  solutions,  both  of  gold  and  soda,  may  be  kept  ready  for  use 
in  separate  bottles.  It  is  better  to  throw  away  the  colouring- bath 
after  use.  The  above  quantity  will  tone  half  a  dozen  pictures 
10  X  8,  if  warm  tones  only  are  required  :  the  time  of  immersion 
varies  from  thirty  seconds  to  two  minutes.  Over-colour  the  posi- 
tive slightly,  to  allow  for  subsequent  reduction  in  the  hyposulphite 
of  soda-bath.  Now  wash  away  the  excess  of  gold  solution  rapidly 
in  two  or  three  changes  of  water,  and  fix  each  proof  singly  in  a 
bath  of  hyposulphite  of  soda,  1  oz.  to  6  oz.  of  water.  In  order  to 
make  sure  of  the  picture  being  perfectly  fixed,  let  each  proof  re- 
main in  this  bath  half  an  hour — not  less  ;  then  wash  it  in  running 
water  for  twelve  hours,  and  let  it  dry  spontaneously. 
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CONVERSATION  I. 

Tutor — Charles — James, 

Of  the  Magnet — Its  Properties — Useful  to  Mariners,  and  others 
— Iron  rendered  Magnetic — Properties  of  the  Magnet. 

T,  You  see  this  dark-brown  mineral  body ;  and  that  it  has  the 
property  of  attracting  needles  and  other  small  iron  substances. 

e/.  Yes,  it  is,  I  believe,  a  loadstone,  or  natural  magnet;  but 
you  told  us  that  it  possessed  a  much  more  important  property 
than  that  of  attracting  iron  and  steel. 

2\  It  has  what  is  called  the  directive  property,  by  which  ma- 
riners are  enabled  to  conduct  their  vessels  through  the  mighty 
ocean  out  of  the  sight  of  land ;  miners  are  guided  in  their  sub- 
terranean paths,  and  the  traveller  through  deserts  otherwise  im- 
passable. 

C.  Were  mariners  unable  to  make  long  and  very  distant  voyages 
till  this  property  of  the  magnet  was  discovered  ? 

T,  Till  then  they  contented  themselves  with  mere  coasting- 
voyages  ;  seldom  trusting  themselves  from  the  sight  of  land. 

J.  How  long  is  it  since  this  property  of  the  magnet  was  first 
known  ?  * 

T,  It  is  rather  uncertain :  it  has  been  thought  to  have  no  earlier 
origin  than  five  or  six  hundred  years  ago ;  but  mention  is  made  of 
it  in  old  Norman  poems  of  the  12th  century,  and  also  in  an  Ice- 
landic history  of  the  11th  century.  There  is  also  indubitable 
evidence  that  the  Chinese  were  acquainted  with  it  long  before  the 
commencement  of  the  Christian  era.  In  the  11th  century  before 
Christ,  mention  is  made  of  cars  being  employed  for  discovering 
the  bearings  of  a  place,  which  cars  are  repeatedly  called  indicators 
of  the  south.  As  early  as  the  beginning  of  the  second  century  of 
our  era,  we  find  the  means  employed  to  be  *'  a  stone  with  which 
the  needle  is  directed." 

O.  You  have  not  told  us  in  what  the  discovery  consists. 

T.  When  a  magnet,   or  a  needle  rubbed  with  a  magnet^  ia 
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freely  suspended,  it  always  assumes  a  certain  direction;  oneai 
points  toioards  the  north,  but  not  exactly  to  the  north,  except  iii 
few  places  on  the  earth. 

J,  Is  that  a  magnet  which  is  fitted  to  the  bottom  of  U 
globe,  and  by  means  of  which  we  set  the  globe  in  a  propr 
direction,  with  regard  t«3  the  cardinal  points,  north,  south,  cut, 
and  west. 

T.  That  is  called  a  compass,  the  needle  of  which  is  steel' 
magnetized,  and  it  is  possessed  of  the  same  properties  as  istke 
magnet  itself. 

C,  Can  any  iron  and  steel  be  made  magnetic  ? 

T.  Very  soft  iron  is  magnetized  to  its  full  extent,  imme- 
diately on  touching  a  magnet :  but  it  loses  the  whole  of  ib 
magnetism  on  the  magnet  being  removed.  Harder  iron  or 
steel  takes  more  time  receiving  magnetism;  but  then  it  wiD 
retain  it  after  the  removal  of  the  magnet.  Artificial  magneti 
may  be  rendered  more  powerful  than  natural  ones,  and  caube 
made  of  any  form  ;  they  are  generally  used,  so  that  the  natund 
magnet  is  kept  rather  as  a  curiosity  than  for  any  purpose  of  real 
utility. 

C.  What  are  the  leading  properties  of  the  magnet  ? 

T,  1st.  A  magnet  attracts  iron.  2nd.  When  placed  so  as  to 
be  at  liberty  to  move  in  any  direction,  its  north  end  points  towards 
the  north  pole,  and  its  south  end  towards  the  south  pole :  this 
is  called  the  direction  of  the  magnet.  3rd.  When  the  north 
end  of  one  magnet  is  presented  to  the  south  end  of  another,  they 
will  attract  one  another.  But  if  the  two  south ^  or  the  two  north 
ends  are  brought  together,  they  will  repel  each  other.  4th. 
When  a  magnet  is  so  situated  as  to  be  at  liberty  to  move  any 
way,  it  inclines  one  of  its  ends  towards  the  horizon,  and,  of  course, 
elevates  the  other  end  above  it :  this  is  called  the  inclination  or 
dipping  of  the  magnet.  5th.  Any  magnet  may  be  made  to  impart 
its  properties  to  iron  and  steel. 

C.  And  are  iron  and  steel  the  only  magnetic  bodies  ? 

T.  No;  nickel,  cobalt,  and  a  few  others,  have  the  property 
of  being  attracted  by  magnets,  though  far  less  energetically ;  as 
have  also  such  chemical  compounds  that  contain  any  of  these 
metals.  All  other  bodies  are  repelled  by  magnets:  these  are 
termed  diamagnetics  by  Professor  Faraday,  to  whom  the  world 
is  indebted  for  the  discovery  of  this  extraordinary  fact,  as  also  of 
many  others  in  these  sciences,  and  to  which  we  shall  refer  as  we 
go  on. 

Faraday  has  also  shown  that  oxygen  gas  is  magnetic ;  while 
all  other  gases  are  diamagnetic.  And  so  magnetic  is  this  gas 
that  an  equal  weight  of  oxygen  is  three  times  more  attracted  than 
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a  concentrated  solution  of  proto- chloride  of  iron,  which  is,  how- 
ever, the  most  magnetic  liquid  known. 

O.  But  how  could  he  -manage  to  handle  the  gas  so  as  to  mag- 
netize it  ? 

T.  He  allowed  a  current  of  this  gas  to  descend  between  the 
]X)les  of  a  very  powerful  electro  magnet ;  and  found  it  obedient 
to  the  magnet.  He  also  found  that  the  denser  it  was,  the  more 
niagnetic  it  was;  and  the  colder  it  was,  the  more  magnetic  it 
was. 

C,  Then  the  atmosphere,  which  is  mostly  oxygen,  is  mag- 
netic ? 

y.  It  is ;  and  some  remarkable  discoveries  are  arising  from  this. 
It  promises  to  explain  the  daily  and  periodical  variations  in  the 
direction  of  the  declination  needle,  which  we  shall  refer  to  in  a 
future  conversation.  For  the  present  it  will  be'  enough  for  you 
to  know  that  actual  experiment  has  proved  that  the  air  is  mag- 
netic,— that  its  magnetic  properties  vary  with  its  temperature, — 
and  that  the  changes  from  day  to  night,  and  from  winter  to 
Slimmer,  are  constantly  disturbing  this  temperature ;  and  with  it 
the  magnetism  of  the  air. 


CONVERSATION  II. 

Magnetic  Attraction  and  Repulsion, 

T,  Here  is  a  thin  iron  bar,  eight  or  nine  inches  long,  rendered 
magnetic,  and  on  that  account,  it  is  now  called  an  artificial 
magnet :  I  bring  a  small  piece  of  iron  within  a  little  distance  of 
one  of  the  ends  of  the  magnet,  and  you  see  it  is  attracted  or 
drawn  to  it. 

C,  Will  not  the  same  effect  be  produced,  if  the  iron  be  pre- 
sented to  any  other  part  of  the  magnet  ? 

T,  The  attraction  is  strongest  at  the  poles,  and  it  grows  less 
and  less  in  proportion  to  the  distance  of  any  part  from  the  poles  ; 
so  that,  in  the  middle,  there  is  no  attraction,  as  you  shall  sec  by 
means  of  this  large  needle. 

J.  When  you  held  the  needle  near  the  pole  of  the  magnet, 
the  magnet  moved,  which  looks  as  if  the  needle  attracted  the 
magnet. 

T,  You  are  right;  the  attraction  is  mutual,  as  is  evident 
from  the  following  experiment.  I  place  this  small  magnet  on  a 
piece  of  cork,  and  the  needle  on  another  piece,  and  let  them  float 
on  water  at  a  little  distance  from  each  other,  and  you  observe  that 
the  magnet  moves  towards  the  iron,  as  much  as  the  iron  moves 
towards  the  magnet. 
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C,  If  two  magnets  were  put  in  this  situation,  what  would  be 
the  effect? 

T,  If  poles  of  the  same  name,  that  is,  the  two  north  or  the 
two  south,  be  brought  near  together,  they  will  repel  one  another  ; 
but  if  a  north  and  a  south  pole  be  presented,  the  same  kind 
of  attraction  will  be  visible  as  there  was  between  the  magnet 
and  needle.  In  fact,  the  reason  why  a  magnet  attracts  iron 
is  because  it  makes  the  iron  a  magnet  as  long  as  it  is  near  it, 
and  if  a  north  pole  i&  used,  the  near  end  of  the  iron  becomes 
a  south  pole,  and  therefore  is  attracted.  Hold  this  bar  of  soft 
iron  in  your  hand,  and  try  to  suspend  the  small  key  to  its  lower 
end.  You  cannot:  I  now  bring  the  magnet  near^  but  without 
touching  the  other  end,  and  the  key  is  immediately  attracted, 
just  as  if  the  soft  iron  were  a  magnet,  and  so  it  is,  as  long  as 
the  magnet  is  near ;  but  as  soon  as  I  remove  the  magnet,  the  key 

J,  Will  there  be  any  attraction  or  repulsion  if  solid  bodies, 
as  paper  or  thin  slips  of  wood,  be  placed  between  the  magnets,  or 
between  the  magnet  and  iron  ? 

T,  Yes:  bring  the  magnets  together  within  the  attracting  or 
repelling  distance,  and  hold  a  slip  of  wood  between  them ;  you 
see  they  both  come  to  the  wood. 

J,  Is  magnetic  attraction  and  repulsion  at  all  like  what  we 
have  sometimes  seen  in  electricity  ? 

T,  In  some  instances  there  is  a  certain  similarity. 
Tie  two  pieces  of  soft  iron  wire  each  to  a  separate 
thread,  which  join  at  top,  and  let  them  hang  freely 
from  a  hook.  If  I  bring  the  marked  or  north  end  of  a 
magnetic  bar  under  them,  you  will  see  the  wires  repel 
one  another,  as  they  are  shown  in  the  %ure  hanging 
from  z. 

*'  ^'  C.  Is  that  occasioned  by  the  repelling  power  which 
both  wires  have  acquired  in  consequence  of  being  both  rendered 
magnetic  with  the  same  pole  ? 

T.  It  is;   for  under  the  circumstances  just  given,  the   lower 
ends  of  each  wire  become  south  poles,  and  the  upper  ends  north 
poles;  and  therefore,  being  in  juxta-position,  the  south  or  lower 
ends  repel,  and  the  north  or  upper  ends  do  so  too ;  they  therefore 
combine  in  causing  the  wires  to  separate. 
J,  Will  they  remain  long  in  that  position  ? 
T.  If  the  wires  are  of  very  soft  iron,  they  will  quickly  lose  their 
magnetic  power;  but  if  steel  wires  be  used,  as  common  sewing 
needles,  they  will  continue  to  repel  each  other  after  the  removal 
of  the  magnet. 
Example  11.    I  lay  a  sheet  of  paper  flat  upon  a  tableland 
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strew  some  iron  filings  upon  it.  I  now  lay  this  small  magnet 
under  the  paper,  and  give  the  table  a  few  gentle  knocks,  so  as 
to  shake  the  filings,  and  you  observe  in  what  manner  they  have 
arranged  themselves  about  the  magnet., 
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Fig.  2. 

C.  At  the  two  ends,  or  poles,  the  particles  of  iron  form  them- 
selves into  lines  a  little  sidewise  ;  they  bend,  and  then  form  com- 
plete arches,  reaching  from  some  point  in  the  northern  half  of  the 
magnet  to  some  other  point  in  the  southern  half.  Pray,  how  do 
you  account  for  this  ? 

T.  Each  of  the  particles  of  iron,  by  being  brought  within  the 
sphere  of  the  magnetic  influence,  becomes  itself  magnetic,  and 
possessed  of  two  poles,  and,  consequently,  disposes  itself  in  the 
same  manner  as  any  other  magnet  would  do,  and  also  attracts  with 
its  extremities  the  contrary  poles  of  other  particles. 

J.  Does  the  polarity  of  tne  magnet  reside  only  in  the  two  ends 
of  its  surface  ? 

T,  Like  the  centre  of  gravity,  there  is  a  centre  or  resultant  of 
magnetic  force,  and  this  resides  near  the  end:  in  a  regularly 
formed  magnet,  this  spot  is  near,  but  not  at  each  end,  and  the 
middle  has  no  magnetic  action.  But  if  the  bar  be  now  broken 
across  the  middle,  each  half  will  be  found  to  be  a  perfect  magnet 
with  a  pole  at  each  end. 


CONVERSATION  IH. 

ITie  method  of  Making  Magnets — 0/  the  Mariner's  Compass, 

C,  How  are  magnets  made  ? 

T,  The  best  method  of  making  artificial  magnets  is  to  apply 
one  or  more  powerful  magnets  to  pieces  of  hard  steel,  taking 
care  to  apply  the  north  pole  of  the  magnet  or  magnets  to  that 
extremity  of  the  steel  which  is  required  to  be  made  the  south 
pole,  and  to  apply  the  south  pole  of  the  magnet  to  the  opposite 
extremity  of  the  pieces  of  steel. 

J,  Has  a  magnet,  by  communicating  its  properties  to  other 
bodies,  its  own  power  diminished  ? 
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T,  No,  it  is  even  increased  by  it.  A  bar  of  iron,  three  or  four 
feet  long,  kept  some  time  in  a  vertical  position,  will  become 
magnetic,  the  lower  extremity  of  it  attracting  tlie  south  pole  and 
rep  'Iling  the  north  pole.  But  if  the  bar  be  inverted,  the  polarity 
will  be  reversed. 

C,  Will  steel  produce  the  same  effects  ? 

T.  It  will  not ;  the  iron  must  be  soft ;  and  hence  bars  of  soft 
iron  that  have  been  lon^  in  a  perf)endicular  position  are  generally 
found  to  be  magnetical,  as  fire-irons,  bars  of  windows,  &c.  If 
a  long  piece  of  hard  iron  be  made  red  hot,  and  then  left  to 
cool  in  the  direction  of  the  dipping  needle,  it  usually  becomes 
maofnetic. 

Striking  an  iron  bar  with  a  hammer,  or  rubbing  it  with  a  file, 
while  held  in  this  direction,  renders  it  magnetic.  An  electric 
shock  and  lightning  frequently  render  iron  magnetic,  by  the 
mechanical  action  which  they  exercise  over  the  molecules  of  iron 
w  hile  in  the  favourable  position  above  mentioned. 

C.  But  what  is  there  peculiar  in  this  position? 

T,  I  have  shown  you  that  iron  becomes  magnetic  by  mere 
proximity  to  a  magnet.  Now,  the  earth  acts  as  a  magnet :  and 
the  direction  of  the  resultant  of  the  force  is  northward  and  down- 
ward, not  exactly  beneath  our  feet,  but  northward  of  it.  And  as 
upright  bars  of  iron  are  not  many  degrees  removed  from  this  di- 
rection, they  are  magnetic  by  the  earth. 

J.  An  artificial  magnet,  you  say,  is  often  more  powerful  than 
the  real  one  ;  can  a  magnet,  then,  communicate  to  steel  a  stronger 
power  than  it  possesses  ? 

T,  Certainly  not ;  but  two  or  more  magnets,  joined  together, 
niay  communicate  a  greater  power  to  a  piece  of  steel  than  either 
of  them  possesses  singly. 

C,  Then  you  gain  power  according  to  the  number  of  magnets 
made  use  of? 

T.  Yes ;  very  powerful  magnets  may  be  formed  by  first  con- 
structing several  weak  magnets,  and  then  joining  them  together  to 
form  a  compound  one,  and  to  act  more  powerfully  upon  a  piece  of 
steel. 

The  following  are  methods  for  forming  artificial  magnets  : — 

1.  Place  two  magnetic  bars,  a  and  b,  in  a  line,  so  that  the 

north  or  marked  end  of  one  shall 
be  oi)posite  to  the  south  end  of 
the  other,  but  at  such  a  distance 
that  the  magnet  c,  to  be  touched, 

may  rest  with  its  marked  end  on 

Fig  3.  the  unmarked  end  of  b,  and  its 

unmarked  end  on  the  marked  end  of  A.     Now  apply  tlie  north 
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Fig.  4. 


end  of  the  magnet  l  and  the  south  end  of  d  to  the  middle  of  c, 
the  opposite  ends  being  elevated  as  in  the  figure.  Draw  l  and 
D  asunder  along  the  bar  c,  one  towards  A,  the  other  towards  b, 
preserving  the  same  elevation :  remove  ld  a  foot  or  more  from 
the  bar,  when  they  are  off  the  ends ;  then '  bring  the  north  and 
south  poles  of  these  magnets  together,  and  apply  them  again  to 
the  middle  of  the  bar  c  as  before :  the  same  process  is  to  be  re- 
peated five  or  six  times ;  then  turn  the  bar,  and  touch  the  other 
three  sides  in  the  same  way,  and,  with  care,  the  bar  will  acquire  g^ 
strong  fixed  magnetism. 

2.  Upon  a  similar  principle,  two  bars,  A  b,  c  d,  may  be  ren- 
dered magnetic.  These  are  supported 
by  two  bars  of  iron,  and  they  are  so 
placed  that  the  marked  end  b  may  be 
opposite  to  the  unmarked  end  d  ;  then 
place  the  two  attracting  poles  ^  i  on 
the  middle  of  a  b,  as  in  the  figure, 
moving  them  slowly  over  it  ten  or  fifteen  times.  The  same  opera- 
tion is  to  be  performed  on  c  d,  having  first  changed  the  poles  of 
the  bars,  and  then  on  the  other  faces  of  the  bars ;  and  the  business 
is  accomplished. 

The  touch  thus  communicated  may  be 
farther  increased  by  rubbing  the  different 
faces  of  the  bars  with  sets  of  magnetic 
bare,  disposed  as  in  this  diagram. 

J.  J  suppose  all  the  bars  should  be  very 
smooth. 

T,  Yes ;  they  should  be  well  polished, 
the  sides  and  ends  made  flat,  and  the 
angles  quite  square,  or  right  angles. 

There  are  many  magnets  made  in  the  shape  of  horseshoes ; 
these  are  called  horseshoe  magnets ;  and  they  retain  their  power 
very  long,  if  care  be  taken  to  join  a  piece  of  iron  to  the  end  when 
they  are  not  in  use. 

0,  Does  that  prevent  its  power  from  escaping  ? 

2\  It  should  seem  so ;  the  power  of  a  magnet  is  even  increased 
by  suffering  a  piece  of  iron  to  remain  attached  to  one  or  both 
of  its  poles.  Of  course  a  single  magnet  should  always  be  thus 
left. 

J,  How  is  magnetism  communicated 4o  compass  needles? 

T.  Fasten  the  needle  down  on  a  board,  and  draw  magnets 
about  six  inches  long,  in  each  hand,  from  the  centre  of  the 
needle  outwards ;  then  raise  the  bars  to  a  considerable  distance 
from  the  needle,  and  bring  them  perpendicularly  down  on  its 
centre,  and  draw  them  over  again,  and  r,epeat  this  operation 
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about  twen^  times,  and  the  needle  will  acquire  directive  proper- 
dee. 

By  a  little  management,  steel  may  be  magnetized  without  any 
other  source  of  magnetism  than  that  derived  from  the  earth. 
A  bar  of  soft  steel  is  tied  to  a  common  iron  poker,  held  upright, 
and  it  is  then  rubbed  from  its  lower  end  upwards  with  the 
tongs ;  other  similar  bars  undergo  the  same  treatment.  They 
are  then  bundled  together;  two  harder  steel  bars  are  placed, 
as  in  ^g,  4,  connected  with  soft  iron,  into  a  parallelogram; 
these  are  rubbed  with  the  magnetized  bars;  other  hard  steel 
bars  are  rubbed  in  the  same  way  until  six  are  prepared  ;  the 
softer  steel  are  now  placed  aside,  and  the  rubbing  of  two  of  the 
hard  steel  is  effected  by  four  of  the  hard  steel ;  and  thus,  by  a  suc- 
cession of  operations,  a  powerful  set  of  magnets  may  be  obtamed. 
Dr.  Scoresby  has  taken  great  ptuns  in  studying  the  best  methods 
of  preparing  magnets ;  fbr  minute  particulars  I  must  refer  yon  to 
his  book,  where  you  will  see  the  relative  values  of  various  kinds 
of  steel  for  different  kinds  of  magnets. 

C,  What  are  the  characters  of  a  good  magnet? 

T,  Capacity y  or  power  of  receiving  a  good  amount  of  mag- 
netism, and  tenacity,  or  power  of  retaining  it;  the  latter  is  a 
most  important  property ;  and  he  has  found  that  hardness  and 
tenacity  are  related.  He  has  also  described  a  mode  by  which, 
as  he  says,  "  he  would  have  no  difficulty  in  constructing  a  magnet 
of  a  ton  weight."  He  magnetizes  a  large  quantity  of  small  bars 
of  steel,  and  these  he  bundles  together  in  proper  order;  and 
although  each  one  loses  a  certain  quantity  of  force,  on  account  of 
its  proximity  to  the  rest,  yet  the  whole  has  a  far  greater  power 
remaining  in  it  than  could  by  any  means  be  conferred  upon  a 
solid  mass  of  steel. 

J,  But  have  I  not  long  ago  seen  this  plan  in  the  compound 
horseshoe  magnet? 

T,  No;  in  all  the  old  plans  the  individual  bars  were  of  the 
same  length  as  the  compound  mass;  but  in  this  plan  many 
shorter  bars  are  used,  ana  they  are  joined  by  being  placed  end 
to  end. 

C,  I  remember  seeing  a  compass,  when  I  was  on  board  the 
frigate  that  lay  off  Worthing :  tne  needle  was  in  a  box,  with  a 
glass  over  it. 

T,  The  mariner's  compass  consists  of  the  box,  Uie  card  or  fly, 
and  the  needle.  The  box  is  circular,  and  is  so  suspended  as'  to 
retain  its  horizontal  position  in  all  the  motions  of  the  ship.  The 
glass  is  intended  to  prevent  any  motion  of  the  card  by  the  wind ; 
the  card  or  fly  moves  with  the  needle,  which  is  very  nicely 
baianced  on  a  centre.    It  may,  however,  be  noticed,  that  a  uee(Ue^ 
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which  is  accurately  balanced  before  it  is  magnetized,  will  lose  its 
balance  by  being  magnetized,  on  account  of  what  is  called  the 
dipping^  therefore  a  small  weight,  or  movable  piece  of  brass,  is 
placed  on  one  side  of  the  needle,  by  the  shiftmg  of  which  the 
needle  will  always  be  balancecL 

It  must  be  observed  that,  in  the  construction  of  such  instru- 
ments, neither  iron,  steel,  nor  other  ferruginous  matter  must  be 
su£Eered  to  be  in,  or  ev«n  near,  the  frame,  because  a  very  small 
quantity  of  it  is  sufficient  to  sender  the  observations  of  no 
value  whatever.  And,  indeed,  it  has  been  ascertained  lately, 
that  the  masses  of  iron  on  board  ship  have  all  a  tendency  to 
draw  the  needle  from  its  true  direction.  Mr.  Barlow,  of  the 
Royal  Military  Academy,  has  discovered  a  method  of  ascertain- 
ing, and  allowing  for,  the  magnitude  of  the  deviation  thus  occar 
sioned  in  any  particular  ship.  Such  a  discovery  cannot  but  prove 
highly  valuable  to  mariners ;  and,  indeed,  has  been  found  so  by 
Sir  J.  Parry,  Sir  J.  Franklin,  and  many  of  our  most  skilful  naval 
officers. 

The  principle  on  which  he  acted  was  first  to  (Uscover  the  e£fect 
of  the  ship  on  the  needle,  and  then  to  provide  a  disc  (^  iron  that 
should  have  the  sarm  amount  of  action :  so  that,  when  he  removed 
the  iron  from  near  the  needle,  whatever  difierence  was  lost  was 
just  half  of  the  whole  action  of  the  ship. 


CONVERSATION  IV. 
Of  the  VaruUum  of  tJie  Compass, 

C.  You  s£ud,  I  think,  that  the  magnet  pointed  nearly  north 
and  south :  how  much  does  it  differ  from  that  line  ? 

T.  It  rarely  points  exactly  north  and  south,  and  the  deviaiion 
from  that  line  is  called  the  decUnatian  of  the  needU,  which  is 
said  to  be  east  or  west. 

J.  Does  this  differ  at  different  times? 

T,  It  does';  and  is  very  different  in  difibrent  parts  of  the  world. 
It  is  not  the  same  now  that  it  was  half  a  century  ago,  nor  is  it 
the  same  now  at  London  that  it  is  in  Bengal  or  Kamschatka. 
The  needle  is  continually  traversmg  slowly  towards  the  east  or 
the  west.  It  seems,  however,  now  to  have  attained  its  western 
limit  at  London,  and  is  going  back  again^ 

This  subject  was  first  attended  to  by  Mr.  Burrows,  about  the 
year  15S0,  and  he  found  the  declination  then  at  London,  about 
11^  11'  east.  In  the  year  1657,  the  needle  pointed  due  north 
and  south :  since  which  the  declination  has  been  gradually  ia- 
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creasing  towards  the  west ;  and  in  the  year  1803  it  was  equal  to 
something  more  than  249  west,  and  was  then  advancing  towards 
the  same  quarter. 

C,  That  seems  to  have  been  at  the  rate  of  something  more 
than  ten  minutes  each  year. 

T,  Yes ;  but  the  annual  variation  is  not  regular.  It  is  more 
one  year  than  another.  It  is  different  in  the  several  months,  and 
even  in  the  hours  of  the  day.  The  mean  declination  in  January, 
1863,  was  22°  15'  west  at  Greenwich. 

J.  Then  if  I  want  to  set  a  globe  due  north  and  south,  to  point 
out  the  stars  by,  I  must  move  it  about,  till  the  needle  in  the  com- 
pass points  to  22°  16'  west  ? 

'  T,  Just  so ;  and  mariners  knowing  the  declination  at  different 
places  are  as  well  able  to  sail  by  the  compass,  as  if  it  pointed  due 
north. 

C,  You  mentioned  the  property  which  the  needle  had  of  cZtp- 
ping^  after  the  magnetic  fluid  was  communicated  to  it :  is  that 
always  the  same  ? 

T,  No ;  it  also  varies  slightly.  It  was  discovered  by  Robert 
Norman,  a  compass-maker,  in  the  year  1676,  and  he  then 
found  it  to  dip  nearly  72°.  The  dip  in  January,  1853,  from  the 
observations  made  at  the  Royal  Observatory,  Greenwich,  was 
68°  40'. 

J,  Does  it  differ  in  different  places  ? 

T,  Yes:  in  the  year  1773,  observations  were  made  on  the 
subject,  in  a  voyage  towards  the  north  pole  j  and  from  these  it 
appears  that 

In  latitude  60°  18'  the  dip  was  75°    0' 
„       70  45  „  77   62 

„       80    12  „  81   62 

„       80   27  „  82     2i 

The  dip  always  being  greater  as  the  distance  from  the  magnetic 
equator  is  greater. 

C,  What  is  the  magnetic  equator  ? 

T,  It  girdles  the  eal*th  within  the  torrid  zone ;  it  cuts  the 
terrestrial  equator  in  longitude  10°  east  and  longitude  170°  east ; 
it  reaches  about  as  far  north  as  10°,  and  as  far  south  as  13° :  it  is 
a  sinuous  and  very  irregular  curve.  There  is  no  dip  or,  as  it 
is  better  called,  indincUion  of  the  needle  along  the  line  of  this 
equator. 

C,  And  I  suppose  there  are  magnetic  poles  also  ? 

T,  Yes;  and  they  are  as  peculiar  in  their  irregularity  as  the 
equator.  The  north  magnetic  pole  is  near  Hudson's  Bay,-  in 
70°  6'  17"  of  latitude,  and  114°  66'  18"  west  longitude.     The 
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southern  magnetic  pole  is  supposed  to  be  in  72°  35'  of  latitude,  and 
152°  30'  of  east  longitude.  The  dipping-needle  hangs  vertically 
at  these  places,  the  inclination  being  therefore  90°. 

Magnetic  meridians  are  curved  lines  terminating  at  the  mag- 
netic poles,  and  cutting  the  magnetic  equator:  they  are  drawn 
through  the  places  where  the  declinations  are  similar. 

The  lines  of  eqvxd  inclination  are  drawn  in  a  direction  some- 
what parallel  to  the  magnetic  equator,  and  pass  through  the 
places  where  the  dip  or  inclination  is  the  same. 

C,  Can  you  show  me  any  experiment  in  illustration  of  the  dip 
of  the  needle  ? 

T.  Here  is  a  magnetized  bar  and  a  small  dipping  needle :  if  I 
carry  the  needle,  suspended  freely  on  a  pivot,  from  one  end  of 
the  magnetized  bar  to  the  other,  it  will,  when  directly  over  the 
south  pole,  settle  directly  perpendicular  to  it,  the  north  end  being 
next  to  the  south  pole.  As  the  needle  is  moved,  the  dip  grows 
less  and  less,  and  when  it  comes  to  the  magnetic  centre,  it  will  be 
parallel  to  the  bar ;  afterwards  the  south  end  of  the  needle  will 
dip,  and  when  it  comes  directly  over  the  north  pole,  it  will  be 
again  perpendicular  to  the  bar. 

C.  You  promised  to  tell  us  of  the  relation  between  atmospheric 
temperature  and  magnetic  variations. 

T.  Independently  of  the  changes  which  in  the  course  of  years 
have  carried  the  magnetic  pole  to  the  west  of  the  true  north,  and 
are  now  restoring  it  slowly  to  a  true  north  direction  in  respect  to 
London,  and.  at  the  rate  of  a  very  few  minutes  of  a  degree  in  each 
year,  there  are  daily  changes,  which  vary  in  amount  with  the 
place  and  the  season,  and  which  are  evidently  connected  with 
solar  heat.  These  are  greater  in  the  summer  months  than  in  the 
winter,  and  attain  a  maximum  from  noon  for  an  hour  or  two  and 
then  recede. 

The  intensity, — that  is,  the  magnetism  of  the  earth  itself, — as 
shown  by  the  magnet,  also  varies  in  amount,  and  unquestionably 
from  like  causes. 

Before  we  quit  the  subject  of  magnetism,  I  will  present  you 
with  a  summary  of  facts  and  principles,  which  may  be  found 
useful  in  your  future  researches : 

1.  Iron  bars  become  magnetical  by  position,  except  when 
they  are  placed  in  the  plane  of  the  magnetic  equator, — that  is, 
in  a  plane  which  is  perpendicular  to  the  direction  of  the  dipping- 
needle. 

2.  Before  a  magnet  can  attract  iron  that  is  totally  free  from 
both  permanent  magnetism  and  that  of  position,  it  infuses  into  the 
iron  a  magnetism  of  contrary  polarity  to  that  of  the  attracting 
pole« 
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3.  An  iron  bar,  with  permanent  polarity,  when  placed  any- 
where  in  the  plane  of  the  magnetic  equator,  may  be  depmed  of 
its  magnetism  by  a  blow. 

4.  Iron  heateid  to  redness,  and  quenched  in  water,  in  a  Tertical 
position,  becomes  magnetic,  the  upper  end  gaining  south  polarity, 
and  the  lower  end  north. 

5.  Hot  iron  receives  more  magnetism  of  position  than  the  same 
when  cold. 

6.  Magnetic  attraction  follows  the  same  law  as  that  of  grtTita- 
tion ;  being  inversely  as  the  square  of  the  distance. 

7.  The  plane  of  tiie  magnetic  equator  is  a  plane  of  no  attrae- 
tion. 

8.  Magnetic  attraction  does  not  depend  upon  the  mass,  but 
upon  the  surface  ;  a  shell  of  iron  attracts  a  magnet  equally  with  a 
ball  of  the  same  diameter. 

9.  An  electric  discharge,  made  to  pass  through  a  bar  of  iron 
void  of  magnetism,  when  nearly  in  the  position  of  the  mi^^netic 
axis  (i,  €.  of  the  dipping-needle)^  renders  the  bar  magnetic ;  the 
upper  end  becoming  a  south  pole,  and  the  lower  a  north  pole : 
but  the  discharge  does  not  produce  any  polarity,  if  the  iron  be 
placed  in  the  plane  of  the  magnetic  equator. 

10.  A  bar  of  iron,  possessing  some  magnetism,  has  its  polarity 
diminished,  destroyed  or  inverted,  if  an  electric  discharge  be 
passed  through  it,  when  it  is  nearly  in  the  position  of  the  mag^ 
netic  axis,  provided  the  south  pole  of  the  bar  be  downward ; 
while  its  magnetism  is  weakened  or  destroyed,  if  it  receive  the 
shock  when  in  the  plane  of  the  magnetic  equator. 

11.  Iron  is  rendered  magnetical,  if  a  stream  of  the  electric 
fluid  be  passed  through  it,  when  it  is  in  a  position  nearly  corre- 
sponding with  that  of  the  magnetic  axis ;  but  no  effect  is  produced 
when  the  iron  is  in  the  plane  of  the  magnetic  equator. 


CONVERSATION  V. 

On  DiamagneticSy  and  on  the  Magnetization  if  Light, — 
Magneto-Crystalline  Action, 

c7.  You  mentioned  diamagnetics  in  connection  with  the  name 
of  Dr.  Faraday :  I  am  sure  there  is  something  instructive  in  this  ' 
as  in  all  the  labours  of  that  industrious  philosopher. 

T.  Yes,  indeed  there  is.  I  have  heretofore  oeen  talking  of  iron 
and  steel,  and  a  few  other  bodies,  which  place  themselves  in  a 
certain  direction  with  reference  to  the  magnet:  now  all  other 
bodies  take  a  direction  exactiy  at  right  angles  to  thb.     As,  for 
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instance,  if  I  suspend  a  needle  freely  above  the  two  poles  of  a 
horseshoe  magnet,  it  will  place  itself  in  a  direction  from  pole  to 
pole,  whereas,  if  it  were  a  slip  of  wood,  a  piece  of  apple,  or  a 
candle-end,  &c.  it  would  place  itself  across  this  direction. 

(7.  This  is  curious :  I  must  run  and  fetch  my  magnet,  in  order 
to  see  it  act  upon  a  piece  of  apple. 

T,  It  will  be  of  no  use,  my  boy :  for  this  can  only  be  accom- 
plished by  the  use  of  exceedingly  powerfiil  magnets ;  and  these 
are  obtained  by  a  process  that  I  will  describe  hereafter.  In  the 
course  of  his  investigations.  Dr.  Faraday  has  found  that  the 
magnetic  bodies  are  iron,  nickel,  cobalt,  manganese,  chromium, 
cerium,  titanium,  palladium,  platinum,  and  osmium ;  and  that 
all  other  bodies  constitute  the  new  class  that  he  has  termed  dia^ 
magnetics.  The  following,  according  to  the  order  in  which  the^ 
stand,  exhibit  it :  bismuth  (which  is  the  most  powerful,  and  is 
the  type  of  the  class),  phosphorus,  antimony,  zinc,  lead,  tin, 
flint-glass,  mercury,  water,  gold,  alcohol,  and  ether.  On  inves- 
tigating the  subject  more  closely,  he  found,  by  usin^  one  pole 
01  a  magnet,  that  as  magnetic  bodies  are  attracted^  diamagnetic 
bodies  are  actually  repelled  by  a  magnet.  Or,  as  he  expressed  it 
more  generally,  that,  in  the  field  cf  magnetic  force j — viz.  in  the 
space  where  the  effects  of  a  magnet  are  felt, — magnetic  bodies  go 
from  weaker  to  stronger  places ;  and  diamagnetic  from  stronger 
to  weaker. 

But  there  are  no  such  things  as  diamagnetic  poles  and  polarity, 
which  shows  that  the  force  is  essentially  difierent  from  what  we 
have  so  long  known  under  the  name  of  magnetism.  He  has  also 
proved  that  not  only  is  iron  magnetic,  but  all  other  compound 
bodies  into  which  iron  enters  are  also  magnetic. 

He  has  also  completed  another  series  of  researches,  to  which 
I  will  briefly  refer  you,  in  which  he  has  shown  the  action  of 
magnetism  upon  liffht.  He  allows  a  ray  of  polarized  light  to 
pass  through  certain  transparent  bodies;  heavy  glass,  made  of 
borate  of  lead,  is  the  best  for  this  purpose :  he  then  turns  the 
analyzing  plate  until  the  ray  is  at  its  minimum  of  intenaty,  or 
nearly  extmguished;  a  very  powerful  magnet  is  now  made  to 
act  upon  the  glass,  and  the  ray  is  immediately  illuminated :  in 
fact,  the  same  effect  is  produced  as  if  the  analyzing  plate  had 
been  turned  back.  If,  on  the  other  hand,  the  ray  had  been  first 
brougHt  to  its  maximum  of  intensity,  and  the  magnet  had  then 
been  introduced,  the  ray  is  immediately  extinguished.  You 
will  remember,  that  when  I  described  the  circular  rotation  of 
polarized  liffht  by  the  application  of  various  media,  it  was  right- 
nanded  or  left-handed  to  the  observer,  as  the  case  might  be, 
whichever  way  he  looked  into  the  medium ;  but  here,  it  is  right* 
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handed  by  looking  into  one  end,  and  it  is  left-handed  by  looking 
into  the  other. 

J,  Is  the  ray  of  polarized  light  to  pass  in  the  direction  of  tiie 
line  that  joins  the  magnetic  poles,  or  at  right  angles  to  this  hne? 

T,  In  the  line  that  joins  the  poles ;  and,  if  the  poles  are  so 
placed  that  the  north  pole  is  nearer  to  the  observer,  and  the  south 
more  distant,  the  rotation  occurs  from  left  to  right,  and  vice  versa. 
The  angles  of  magnetic  rotation  vary  with  the  thickness  of  the 
body  through  which  the  ray  of  light  passes,  and  are  different  in 
different  bodies  ;  as,  for  instance, 

Faraday's  heavy  glass         -           -           -           -  I'OO 

Sulphuret  of  carbon            -          -          -           _  .74 

Water          ------  -25 

Ether           ------  .15 

J,  Since  magnetic  rotation  of  the  ray  depends  on  the  relative 
position  of  the  magnetic  poles,  I  presume  it  is  quite  independent 
of  natural  circular  rotation,  as  described  to  us  in  the  conversations 
upon  light. 

T,  It  is ;  and  according  as  the  two  phenomena  are  in  the  same, 
or  in  contrary  directions,  the  resulting  effect  is  either  the  sum  or 
the  difference  of  the  two.  M.  E.  Becquerel  passed  a  polarized 
ray  at  the  same  time  through  a  piece  of  Faraday's  heavy  glass, 
which  gave  a  rotation  of  16^,  and  through  a  column  of  syrup  made 
of  just  the  length  to  produce  the  same  deviation,  and  he  obtained 
either  32°  or  0^,  according  as  he  exposed  the  glass  to  magnetism 
in  a  favourable  or  in  a  converse  direction. 

(7.  Does  the  magnetism  act  on  the  ray  of  polarized  light  itself, 
or  on  the  particles  of  the  transparent  body  ? 

T,  It  does  not  act  directly  on  the  ray;  for  polarized  light 
passing  through  vacuum  is  unaffected ;  and,  as  it  does  not  vary 
the  relative  position  of  the  particles,  it  acts  by  their  intervention 
in  a  manner  that  is  not  clearly  understood.  De  la  Eive  has 
pointed  out,  that  there  is  a  manifest  relation  between  the  magnetic 
rotation  and  the  refracting  power  of  bodies,  and  he  says,  that 
these  new  phenomena  that  have  been  discovered  by  Faraday, 
"  ought  to  be  attributed  to  an  action  of  magnets  and  electric  cur- 
rents, exercised  neither  on  the  particles  alone,  nor  on  the  ether 
alone,  but  on  the  manner  of  the  existence  of  the  particles  in 
respect  to  the  ether." 

I  have  not  troubled  you  with  the  phenomena  of  the  polariza* 
tion  of  heat,  which  is  accomplbhed  by  a  piece  of  rock-salt,  but 
I  may,  in  passing,  tell  you  that  a  polarized  ray  of  heat  is  also 
made  to  rotate  by  means  of  magnetism. 
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C,  Then  there  is,  at  any  rate,  a  strong  relation  between  light 
and  magnetism. 

T,  There  is,  as  we  have  seen,  a  very  marked  relation.  Fara-^ 
day  also  discovered  what  he  calls  a  magneto-crystalline  force. 

C.  I  suppose  this  means  that  magnets  act  upon  crystals? 

T,  Yes;  and  the  relations  depend  on  the  direction  of  the 
crystalline  axis.  For  instance,  an  ordinary  mass  of  bismuth 
places  itself,  with  respect  to  a  magnet,  across  the  line  that  joins 
the  magnetic  poles ;  but  a  crystal  of  bismuth  places  itself  so  that 
the  line,  or  great  axis  of  the  crystal,  is  directed  from  pole  to  pole ; 
and  this,  whether  the  said  axis  be  in  the  longer  or  shorter  length 
of  the  piece  under  examination. 

G.  And  are  crystalline  compounds  of  metals  affected  by  this 
force  ? 

T,  Sulphate  of  iron  is  a  magnetic  body  ;  but  a  regular  crystal 
of  this  salt  directs  itself  quite  independently  of  its  magnetic  pro* 
perties.  A  crystal  of  cyanite,  when  delicately  suspended,  has 
been  actually  found  to  be  influenced  by  terrestrial  magnetism, 
and  to  take  a  determinate  direction,  according  to  the  position  of 
the  magneto-crystalline  line.  A  crystal  of  oxide  of  tin  is  the  most 
powerfully  directed  by  terrestrial  magnetism;  and  it  even  acts 
upon  a  magnetized  needle.  Faraday  found  that  a  bismuth  crystal, 
by  using  proper  precautions,  took  a  true  direction  in  regard  to  the 
poles  of  the  earth. 

(7.  Is  a  magnetic  body,  which  should  essentially  be  attracted 
by  a  magnet,  made  by  the  magneto-crystalline  force  to  resemble  a 
diamagnetic  body,  and  be  repelled  f 

T.  No ;  and  this  is  the  distinctive  character  of  this  force.  It 
is  neither  attractive  nor  repulsive,  but  simply  directive.  The 
other  forces  act  on  the  whole  mass ;  this  force  acts  on  the  optic 
axis  alone,  and  is  dependent  upon  the  molecular  arrangement  of 
the  particles  of  the  crystal  itself,  which  are  nearer  to  each  other 
in  one  direction  than  they  are  in  the  others.  And  it  is  very  im- 
material which  end  of  the  op^ic  axis  is  in  any  given  direction.  Of 
its  ends  a  b,  a  may  be  presented  to  the  north  pole,  and  b  to  the 
south,  or  vice  versa. 

C.  I  scarcely  understand  your  expression  "  molecular  arrange- 
ment." 

T.  You  may  understand  this  from  the  following  experiment : — 
If,  from  a  piece  of  gutta-percha  that  is  made  fibrous  by  the 
manufacturer,  two  slips  are  taken,  one  with  the  fibres  lengthwise, 
and  the  other  with  the  fibres  crosswise,  the  former  will  take  the 
direction  of  a  magnetic  body,  and  the  latter  the  direction  of  a 
diamagnetic  body.  The  only  difference  in  the  two  cases  being  in 
the  structural  arrangement ;  and  this  is  the  case  with  true  crystals. 


410  MAGNETISM. 

Yoa  know  that  crystals  split  in  one  direction  better  than  in 
another.  This  is  called  the  direction  of  the  planes  of  cleavage. 
And  magfneto-crystalline  action  is  such  that,  in  crystals  of  mag- 
netic bodies,  the  planes  of  cleavage  take  the  direction  of  a  mag- 
netic body,  viz.  from  pole  to  pole,  called  by  Faraday  the  axid 
direction ;  while  crystals  of  diamagnetic  bodiea  take  the  direction 
of  a  diamagnetic  body,  viz.  at  right  angles  to  the  line  joinii^  the 
poles,  which  has  been  termed  the  equatorial  directioiu 

The  direction  assumed  has  been  termed  the  line  of  electwe 
polarity^  and  is  affected  by  whatever  affects  the  molecular  stnic- 
ture;  and  disappears  when  this  structure  disappears,  as  when 
bbmuth  or  antimony  crystals  are  heated  to  the  point  of  fusion. 


ELECTRICITY. 


CONVERSATION  I. 
iimtoDucnoN. 

Tutor —  Charles — James, 
The  Early  History  of  Electricity, 

T,  If  I  rub  pretty  briskly  this  stick  of  sealing-wax,  and  then 
hold  it  near  any  light  substances,  as  little  pieces  of  paper,  they 
will  be  attracted,  and  will  jump  up  and  adhere  to  the  wax. 

(7.  They  do ;  and  I  think  I  nave  heard  you  call  this  the  effect 
of  electricity ;  but  I  do  not  know  what  electricity  is. 

T,  It  is  the  case  with  this  part  of  science  as  with  many  others 
— we  know  it  only  by  the  effects  which  it  produces.  As  I  have 
not  hitherto,  in  these  Conversations,  attempted  to  bewilder  your 
minds  with  too  much  theory,  neither  shall  I,  in  the  present  case, 
attempt  to  sav  what  electi*icity  is :  its  action  is  well  known ;  it 
seems  difRised  over  every  portion  of  matter,  and  by  the  use  of 
proper  methods,  is  as  easily  collected. 

e/ .  I  see  notfaong  adhering  to  the  sealing-wax,  when  you  have 
rubbed  it. 

T,  You  do  not  see  the  air  with  which  you  are  surrounded,  yet 
I  have  shown  you*  that  it  may  be  taken  from  any  vessel,  as  cer- 
tainly as  water  may  be  poured  from  this  glass.  With  the  exercise 
of  a  small  degree  of  patience,  you  shall  see  such  experiments  as 
will  not  fail  to  convince  you  that  there  is  a  something,  or  a  power 
added  to  the  wax  by  rubbing  it. 

C,  But  who  discovered  electricity,  which  is  not  at  all  evident 
to  the  sense  either  of  sight  or  feeling  ? 

T,  Thales,  who  lived  six  centuries  before  the  Christian  era,  was 
the  first  who  observed  the  electrical  properties  of  amber,  and  he 
was  so  struck  with  the  appearances  that  he  supposed  it  to  be 
animated. 

J,  Does  amber,  like  sealing-wax,  attract  light  bodies  ? 

*  See  Hydrostatios  and  Fneomatici. 
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T.  Yes,  it  does ;  and  there  are  many  other  substances  as  well 
as  these  that  have  the  same  power.  After  Thales,  the  first  per- 
son we  read  of  that  noticed  this  subject  was  Theophrastus,  who 
discovered  that  tourmalin  has  the  power  of  attracting  light  bodies. 
It  does  not,  however,  appear  that  the  subject,  though  very  curious, 
excited  much  attention  till  about  200  years  ago,  when  Dr.  Gilbert, 
an  English  physician,  examined  a  great  variety  of  substances,  with 
the  view  of  ascertaining  how  far  they  might  or  might  not  be  j 
ranked  among  electrics, 

C,  What  is  meant  by  an  electric  f 

T,  Any  substance  which,  being  excited  or  rubbed  by  the  hand, 
or  by  a  woollen  cloth,  or  other  means,  has  the  power  of  attract- 
ing light  bodies,  is  called  an  electric. 

J.  Is  not  electricity  accompanied  with  a  peculiar  kind  of  light, 
and  with  sparks  ? 

T,  It  is  ;  of  which  we  shall  speak  more  at  large  hereafter. 
The  celebrated  Mr.  Boyle  is  supposed  to  have  been  one  of  the 
first  persons  who  got  a  glimpse  of  the  electrical  light,  or  who 
seems  to  have  noticed  it,  by  rubbing  a  dfamond  in  the  dark.  But 
he  little  imagined  at  that  time  what  astonishing  effects  would-be 
afterwards  produced  by  the  same  power.  Sir  Isaac  Newton  was 
the  first  who  observed  that  excited  glass  attracted  light  bodies  on 
the  side  opposite  to  that  on  which  it  was  rubbed. 

C  How  did  he  make  the  discovery  ? 

T.  Having  laid  upon  the  table  a  round  piece  of  glass,  about 
two  inches  broad,  in  a  brass  ring,  by  which  it  was  raised  from  the 
table  about  the  eighth  of  an  inch,  and  then  rubbing  the  glass, 
some  little  bits  of  paper  which  were  under  it  were  attracted  by  it, 
and  moved  very  nimbly  to  and  from  the  glass. 

C,  I  remember,  standing  by  a  glazier  when  he  was  rubbing  over 
some  window-lights  with  oil,  and  cleaning  it  oift'  with  a  stiff  brush 
and  whiting,  and  the  little  pieces  of  whiting  under  the  glass  kept 
continually  leaping  up  and  down,  as  the  brush  moved  over  the 
glass. 

T.  That  was,  undoubtedly,  an  electrical  appearance  of  the 
same  kind,  but  I  do  not  remember  having  ever  seen  it  noticed 
by  any  writer  on  electricity.  To-morrow  we  shall  enter  into 
the  practical  part  of  the  subject ;  and  I  doubt  not  that  the  ex- 
periments in  this  part  of  the  science  will  be  as  interesting  as 
those  in  any  other  which  you  have  been  studying.  The  electric 
light  exhibited  in  different  forms  ;  the  various  signs  of  attraction 
and  repulsion  acting  on  all  bodies ;  the  electric  shock,  and  the 
explosion  of  the  battery,  will  give  you  pleasure  and  excite  your 
admiration. 
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CONVERSATION  II. 

Of  Electric  Attraction  and  Repulsion, — Of  Electrics  and 

Conductors, 

T,  You  must,  for  a  little  time,  that  is,  till  we  exhibit  before  you 
experiments  to  prove  it,  regard  the  earth  and  all  bodies  upon  it  as 
a  great  magazine  of  electricity.  A  certain  quantity  belongs  to  all 
bodies,  and  this  is  called  their  natural  quantity  ;  and  so  long  as  a 
body  contains  neither  more  nor  less  than  this  quantity,  no  sensible 
effect  is  produced. 

J.  Has  this  table  electricity  in  it  ? 

T,  Yes,  and  so  has  everything  else  in  the  room  ;  and  if  I  vrete 
to  take  proper  means  to  put  more  into  it  than  it  now  has,  and  you 
were  to  put  your  knuckle  to  it,  it  would  throw  it  out  in  the  shape 
of  sparks. 

(/.  I  should  like  to  see  this  done. 

G,  But  what  would  happen  if  you  should  take  away  some  of 
its  natural  quantity  ? 

T,  Why,  then,  if  you  presented  any  part  of  your  body  to 
the  table,  as  your  knuckle,  a  spark  would  go  from  you  to  the 
table. 

J.  But  perhaps  Charles  might  not  have  more  than  his  natural 
share,  and,  in  that  case,  he  could  not  spare  any. 

T,  True  ;  but  to  provide  for  this,  the  earth  on  which  he  stands 
would  lend  him  a  little,  to  make  up  for  what  he  parted  with  to 
the  table. 

J.  This  must  be  an  amusing  study ;  I  think  I  shall  like  it  better 
than  any  of  the  others. 

T.  Take  care  you  do  not  pay  for  the  amusement  before  we 
have  done. 

Here  is  a  glass  tube  about  eighteen  inches  long,  and  perhaps  an 
inch  or  more  in  diameter.  I  rub  it  up  and  down  quickly  in  my 
hand,  which  is  dry  and  warm,  and  now  I  will  present  it  to  these 
fragments  of  paper,  thread,  and  gold-leaf.  You  see  they  all  move 
to  it.    That  is  called  electrical  attraction, 

C,  They  jump  back  again  now ;  and  now  they  return  to  the 
glass. 

T.  They  are,  in  fact,  alternately  attracted  and  repelled,  and 
this  will  last  several  minutes,  if  the  glass  be  strongly  excited.  I 
will  rub  it  again ;  present  your  knuckle  to  it  in  several  parts,  one 
after  another. 

J.  What  is  that  snapping  ?  I  feel,  likewise,  something  like  the 
pricking  of  a  pin. 

T,  The  snapping  is  occasioned  by  little  sparks  which  come 
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from  the  tube  to  your  knuckle,  and  these  g^ve  the  sensation  of 
pain. 

Let  us  go  into  a  dark  room,  and  repeat  the  eiperimenL 

C,  The  sparks  are  evident  enough  now;  but  I  do  not  know 
where  they  can  come  from. 

T,  The  air  and  everything  is  full  of  electricity ;  and,  whatever 
be  die  cause,  which  I  do  not  attempt  to  explain,  die  mbbing  of 
the  glass  with  the  hand  collects  it,  and  having  now  more  than  its 
natural  share,  it  parts  with  it  to  you,  or  to  me,  or  to  anybody  else 
that  may  be  near  enough  to  receive  it. 

J,  Will  any  other  substance  besides  the  hand  excite  the  tube? 

T,  Yes,  many  others,  and  these,  in  thb  sdence,  are  called  the 
rubbers ;  and  the  glass  tube,  or  whatever  is  capable  of  being  thus 
excited,  is  called  an  electric, 

C,  Are  not  all  sorts  of  solid  substances  capable  of  being  ex- 
cited? 

T,  You  may  rub  this  poker,  or  the  round  ruler,  for  ever,  without 
obtaining  an  electric  spark  from  it 

J,  But  you  said  one  might  get  a  spark  from  the  mahogany  table, 
if  it  had  more  than  its  share. 

T.  So  I  say  you  may  have  sparks  from  the  poker  or  ruler,  if 
they  possess  more  than  their  common  share  of  electric  fluid. 

V,  These  bodies  appear  to  be  divided  into  two  classes  ? 

T,  Yes ;  and  these  from  their  general  characters  are  termed 
condtictors  and  Tum-condnctora,  The  metals  are  the  best  con- 
ductors ;  resin  and  shell-lac  are  the  worst.  There  is  a  gradually 
descending  scale,  so  that  the  two  classes  merge  into  each  other ; 
so  that,  in  fact,  a  non-conductor  is  nothing  more  than  a  bad  con- 
ductor, though  still  a  conductor ;  and  a  conductor  is  a  bad  insu- 
lator, but  stul  an  insulator. 

C,  I  can  scarcely  understand  this. 

T,  Each  of  the  bodies  holds  its  rank  as  a  conductor  or  a  non- 
conductor only  by  comparison ;  copper,  for  instance,  is  a  very 
good  conductor,  and  air  a  very  bad  one ;  yet  if  an  electric  dis- 
charge is  about  to  take  place,  and  there  be  two  paths  opened  out 
to  it,  one  of  great  length  through  copper  wire,  and  the  other  of  a 
small  interval  of  air,  the  greater  portion  of  the  charge  will  pass  by 
the  latter  path. 

J.  I  heard  you  make  use  of  the  word  inmUator,  1  suppose  it 
18  synonymous  with  non-conductor. 

T,  It  is ;  and  it  is  by  the  knowledge  of  which  are  the  best 
insulators  that  we  are  enabled  to  conduct  our  experiments ;  for 
unless  we  select  means  of  preventing  an  escape  of  electricity,  it 
is  in  vain  to  accumulate  it.  Silk,  if  dry,  is  a  non-conductor. 
With  this  skein  of  sewing-silk  I  hang  the  poker  a  to  a  hook  in 
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the  ceiling,  so  as  to  be  aboat  twelve  inches  from  it ;  underneath, 
and  near  the  extremity,  are  some  small  substances,  as  bits  of  paper, 
&c.  I  will  excite  the  glass  tube,  and  present  it  to  the  upper  part 
of  the  poker. 

C,  They  are  all  attracted ;  but  now  you 
take  away  the  glass,  they  are  all  quiet. 

T,  It  is  evident  that  the  electricity  passed 
from  one  part  of  the  tube  through  the  poker, 
which  is  a  conductor  to  the  paper,  and  at- 
tracted it.  If  the  glass  be  properly  excited, 
you  m^  take  sparks  from  the  poker. 

J,  Would  vii  the  same  happen  if  another 
glass  tube  were  placed  instead  of  the  poker  ? 

T,  You  shall  try.  Now  I  have  put  the 
glass  in  the  place  of  the  poker,  but  let  me 
excite  the  other  tube  as  much  as  I  will,  119 
eflfect  can  be  produced  on  the  paper :  there 
are  no  signs  of  electrical  attraction,  which 
shows  that  the  electricity 'witl  not  pass  through 
glass. 

C\  What  would  have  happened  if  any 
conducting  substance  had  been  used  instead 
of  silk  to  suspend  the  iron  poker  ? 

T,  If  I  had  suspended  the  poker  with  a  moistened  hempen 
string,  the  electricity  would  have  all  passed  away  through  that, 
and  there  would  have  been  no  (or  very  tnflmg)  appearance  of 
electricity  at  the  end  of  the  poker.  Sealing-wax  may  be  excited 
as  well  as  a  glass  tube,  and  will  produce  similar  efiects. 

The  following  is  a  list  of  bodies  in  the  order  of  thdr  conducting 
powers,  beginning  with  the  best  conductor,  and  ending  with  the 
worst  conductor  or  best  insulator.  I  have  drawn  a  line  between 
the  last  of  what  are  in  general  terms  called  conductors,  and  the 
first  in  the  list  of  insulators. 
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All  the  metals. 

Carbon. 

Plumbago. 

Acids. 

Saline  solutions. 

Metallic  ores. 

Sea-water. 

Spring-water. 

lUin-water. 

Ice  above  13^  Fahr. 

Flame. 


Smoke. 
Soluble  salts. 
Earths  and  moist  rocks. 
Powdered  glass. 
Flowers  of  sulphur. 

Dry  oxides. 
Oils. 

Vegetable  ashes. 
Animal  ashes. 
Dry  crystals. 


ELECTBIOITY. 

Ice  below  13°  Fahr 

Hair. 

PhosphoruB. 

Wool. 

Lime. 

Silk. 

Dry  chalk. 

Precious  stones. 

DiumoDd. 

Camphor. 

Vitr^fftctions. 

Marble. 

Glass. 

Porcelain. 

Jot. 

Baked  wood. 

Wai. 

Dry  air. 

Suli^ur. 

Ix^ather. 

Re^ns. 

Parchment. 

Gutta-percha  (?) 

Dry  paper. 

Amber. 

Feathers. 

Gum-lac 

CONVERSATION  HI. 

Of  the  Electrical  Machijie, 
T.  I  wili  now  explain  to  you  tbe  conatruction  of  the  eleclriol 
machine,  and  show  you  how  to  use  it. 
C.  For  what  purpose  b  it  used  ? 

T.  Soon  after  this  subject  engaged  the  attention  of  men  of 
science,  ihey  began  to  contrive  the  readiest  methods  of  collecting 
large  quantities  of  electricity.  By  rubbing  this  stick  of  seajing- 
wax  I  can  collect  a  small  portion:  if  I  exciteor  rubthe  glass  tube, 
I  get  still  more.  Tbe  object,  therefore,  was  to  find  out  a  tnachiue 
fay  which  the  largest  quantities  can  be  collected,  with  as  little 
trouble  and  expense  as  may  be. 

J.  You  get  more  electricity  from  the  tube  than  from  the  sealing- 
wai,  because  it  is  five  or  »x  times  as  luge  :  by  increasing  the  uze 
of  the  tube,  you  would  increase  the  quantity,  t  should  tlunk. 

T.  That  is  a  natural  con- 
clusion ;  and  on  this  principle 
the  eleArical  machines  have 
t>een  constructed. 

A  common  form  is  a  glass 
cylinder,  from  five  or  ax 
inches  in  diameter,  to  ten  or 
twelve.  Here  is  one  com- 
pletely fitted  up.  The  cy- 
linder A  B  is  about  eight  inches 
in  diamater,  and  twelve  or 
fourteen  in  length ;  this  I  turn 
round  in  the  framework,  with 
i^E'  ^  tbe  handle  v  c.     . 
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J,  What  is  the  piece  of  black  silk  k  for  ? 

T,  The  cylinder  would  be  of  no  use  without  a  rubber,  you 
know,  on  which  account  you  see  the  glass  pillar  b  s,  which, 
being  cemented  into  a  piece  of  hard  wood,  is  made  to  screw  into 
the  bottom  of  the  machine ;  on  the  pillar  b  a  cushion,  to  which  is 
attached  a  piece  of  black  silk. 

(7.  And  I  perceive  the  cushion  is  made  to  press  hard  against 
the  glass. 

T,  This  pressure,  when  the  cylinder  is  turned  round  fast,  acts 
precisely  like  the  rubbing  of  the  tube  by  the  hand,  though  in  a 
still  more  perfect  manner.     I  will  turn  it  round. 

J,  There  is  not  much  sign  of  electricity  yet 

T,  No :  the  machine  is  complete,  but  it  has  no  means  of  col* 
lecting  the  fluid  from  the  surrounding  bodies :  for  you  see  the 
cushion  or  rubber  is  fixed  on  a  glass  pillar,  and  glass  will  not 
conduct  electricity. 

C,  Nevertheless,  it  does,  by  turning  round,  show  some  signs  of 
attraction. 

T.  The  signs,  which  are  now  evident,  arise  from  the  small 
quantity  which  exists  in  the  rubber  itself,  and  the  atmosphere 
that  immediately  surrounds  the  machine. 

(7.  Would  the  case  be  different  if  the  rubber  were  fixed  on  a 
conducting  substance  instead  of  glass  ? 

jT.  It  would ;  but  there  is  a  much  easier  method :  I  will  hang 
this  brass  chain  to  the  cushion  at  b,  which,  being  several  feet 
long,  lies  on  the  table  or  on  the  fioor,  and  this  you  know  is  con- 
nected, by  means  of  other  objects,  with  the  earth,^  which  is  the 
grand  reservoir  of  electricity.  Now  see  the  effect  of  turning 
round  the  cylinder ;  but  I  must  make  every  part  of  it  dry  and 
rather  warm,  by  rubbing  it  with  a  dry  warm  cloth. 

cT.  It  is  indeed  very  powerful.  What  a  crackling  noise  it 
makes ! 

r.  Shut  the  window-shutters. 

(?.  The  appearance  is  very  beautiful :  the  fiashes  from  the  silk 
dart  all  round  the  cylinder. 

T,  I  will  now  bring  to  the  cylinder  the  tin  conductor  l,  which 
is  also  placed  on  a  glass  pillar,  f  n,  fixed  in  the  stand  at  f. 

J,  What  are  the  points  in  the  tin  conductor  for  ? 

T,  They  are  intended  to  coUect  the  electricity  from  the  cylinder. 
I  will  turn  the  cylinder,  and  do  you  hold  your  knuckles  within 
four  or  five  inches  of  the  conductor. 

(7.  The  painful  sensations  which  the  sparks  occasion,  prove  that 
electricity  is  a  very  powerful  agent  when  collected  in  large  quan- 
tities. 

T.  To  show  you  the  nature  of  conducting  bodies,  I  will  nov 

1  -^ 
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throw  another  brass  chain  over  the  conductor,  so  that  one  end  of 
it  may  He  on  the  floor.  See  now  if  you  can  get  any  sparks  while 
I  turn  the  machine. 

J,  No,  I  can  get  none,  put  my  knuckle  as  near  to  it  as  I  will. 
Does  it  all  run  away  by  the  chain  ? 

T,  It  does ;  a  piece  of  brass  or  iron  wire  would  do  as  well ;  and 
80  would  any  conducting  substance  which  touched  the  conductor 
with  one  eni,  and  the  floor  with  the  other  :  your  body  would  do 
as  well  as  the  chain.  Place  your  hand  on  the  conductor,  while  I 
turn  round  the  cylinder ;  and  let  your  brother  bring  hb  knuckle 
near  the  conductor. 

(7.  I  cannot  get  a  spark. 

T.  It  runs  through  James  to  the  earth,  and  you  see  his  body  is 
a  conductor  as  well  as  the  chain.  With  a  very  little  oontrivance 
I  can  take  sparks  from  you  or  James,  as  well  as  you  did  from  the 
conductor. 
J,  I  should  like  to  see  how  that  is  done. 
T,  Here  is  a  small  stool,  having  a  mahogany  top  and  glass 
legs.  If  you  stand  on  that,  and  put  your  hand  on  the  conductor, 
the  electricity  will  pass  from  the  conductor  to  your  body. 

(7.  Will  the  glass  legs  prevent  its  running  from  him  to  the 
earth  ? 

T,  They  will ;  and,  therefore,  what  he  receives  from  the  con- 
ductor, he  wiU  be  ready  to  part  with  to  any  of  the  surrounding 
bodies,  or  to  you,  if  you  bring  your  hand  near  enough  to  any  part 
of  him. 

J,  The  sparks  are  more  painful  in  coming  through  my  clothes 
than  when  I  received  them  on  my  bare  hand. 

T,  They  are :  you  understand,  I  hope,  the  process. 
G.  By  means  of  the  chain  trailing  on  the  ground,  the  electricity 
is  collected  from  the  earth  on  the  glass  cylinder,  which  gives  it  by 
means  of  the  points  to  the  conductor ;  from  this  it  may  be  con- 
veyed away  again  by  means  of  other  conductors. 

T,  Whatever  body  is  supported,  or  prevented  from  touching  the 
earth  or  communicating  with-  it,  by  means  of  glass,  or  other  non- 
conducting substances,  is  said  to  be  instdated.  Thus,  a  body 
suspended  on  a  silk  line  is  insulated ;  and  so  is  any  substance  that 
stands  on  glass,  or  resin,  or  wax,  provided  that  these  are  in  a  dry 
state,  for  moisture  will  conduct  away  the  electricity  from  any 
charged  body. 

Hence  you  will  understand  the  construction  of  electrical  ma- 
chines, which  are  so  formed  as,  by  excitation,  to  collect  electricity, 
which  cannot  escape  again,  owing  to  the  glass  cylinder,  globe,  or 
plate,  being  insulated. 
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CONVERSATION  IV. 

Of  the  Electrical  Machine, 

C,  What  is  that  shining  substance  which  I  saw  you  put  to  the 
rubber  yesterday  ? 

T,  It  it  called  amalgam ;  the  rubber,  by  itself,  would  produce 
but  a  slight  excitation :  its  power,  however,  is  greatly  increased 
by  laying  upon  it  a  little  of  this  amalgam,  which  is  made  of  quick- 
silver, zinc,  and  tinfoil,  with  a  little  tallow  or  mutton-suet;  or  else 
a  little  bisulphide  of  tin  (mosdc  gold). 

J.  Is  there  any  art  required  in  using  this  amalgam  ? 

T,  When  the  nibber  and  silk  flap  are  very  clean  and  dry,  and 
in  their  places,  spread  a  little  of  the  amalgam  upon  a  piece  of 
leather,  and  apply  it  to  the  upper  part  of  the  glass  cylinder  while 
it  is  revolving  from  you ;  by  this  means,  particles  of  the  amalgam 
will  be  carried  by  the  glass  itself  to  the  lower  part  of  the  rubber, 
and  will  increase  the  excitation. 

C.  I  think  I  once  saw  a  globe,  instead  of  a  cylinder,  for  an 
electrical  machine. 

T.  You  might :  globes  were  used  before  cylinders,  but  the 
latter  are  the  more  convenient  of  the  two.  The  most  powerful 
electrical  machines  are  fitted  with  flat  plates  of  gla^s.  Some  of 
these  are  veiy  powerful. 

C.  Yes :  1  have  often  seen  the  large  one  at  the  Polytechnic ; 
the  plate  is  seven  feet  in  diameter ;  the  snapping  of  the  sparks  is 
almost  alarming,  and  they  are  ten  or  twelve  inches  in  length. 

J.  As  I  was  able  to  conduct  the  electricity  from  the  conductor 
to  the  ground,  could  I  likewise  act  the  part  of  the  chain,  by  con- 
ducting the  fluid  from  the  earth  to  the  cushion  ? 

T.  Undoubtedly ;  1  will  take  off  the  chain,  and  now  do  you 
keep  your  hand  on  the  cushion  while  I  turn  the  handle. 

(/.  I  see  the  machine  works  as  well  as  when  the  chain  was  on 
the  ground. 

T,  Keep  your  present  position,  but  stand  on  the  stool  with 
glass  legs ;  by  which  means  all  communication  is  now  cut  off 
between  the  cushion  and  the  earth ;  in  other  words,  the  cushion 
is  completely  insulated,  and  can  only  take  from  you  what  elec- 
tricity It  can  get  from  your  body.  Go,  Charles,  and  shake  hands 
with  your  brother. 

O.  It  does  not  appear  that  the  machine  had  taken  all  the  elec- 
tricity from  him,  for  he  gave  me  a  smart  spark. 

T,  You  are  mistaken ;  he  gave  you  nothing,  but  he  took  a  spark 
from  you. 
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(7.  I  stood  on  the  ground ;  I  was  not  electrified :  how  then 
could  I  give  him  a  spark  ? 

T.  The  machine  had  taken  from  James  the  electricity  that 
was  in  his  body,  and  by  standing  on  the  stool,  that  is,  by  being 
insulated,  he  had  no  means  of  receiving  any  more  from  the 
earth,  or  any  surrounding  objects :  the  moment,  therefore,  yon 
brought  your  hand  near  him,  the  electricity  passed  from  you  to 
him. 

C,  I  certainly  felt  the  spark ;  but  whether  it  went  out  of,  or 
entered  into,  my  hand,  I  cannot  tell :  have  I  then  less  than  my 
share  now  ? 

T,  No ;  what  you  gave  to  your  brother  was  supplied  imme^ 
diately  from  the  earth.  Here  is  another  glass-l^ged  stool ;  do 
you  stand  on  this,  but  at  the  distance  of  a  foot  or  two  from  your 
brother,  who  still  keeps  his  place.  I  take  the  electricity  from  him 
by  turning  the  machine,  and,  as  he  stands  on  the  stool,  he  has  now 
less  than  his  share.  But  you  have  your  natural  share,  because, 
though  you  also  are  insulated,  yet  you  are  out  of  the  influence  of 
the  machine  :  extend,  therefore,  your  hand,  and  give  him  a  part  of 
the  electric  fluid  that  is  in  you. 

C,  I  have  given  him  a  spark. 

T,  And  being  yourself  insulated,  you  have  now  less  than  your 
natural  quantity,  to  supply  which,  you  shall  have  some  from 
me  ;  give  me  your  hand.  You  draw  it  back  without  my  touch- 
ing it  1 

C,  I  did,  but  it  was  near  enough  to  get  a  strong  spark  from 
you. 

T,  When  a  person  has  less  electricity  than  his  natural  share, 
he  is  said  to  be  electrified  minus,  or  negatively ;  but  if  he  has 
more  than  his  natural  share,  he  is  said  to  be  electrified  plus,  or 
positively.  But  these  terms  must  be  used  with  great  caution ; 
because,  after  all,  we  are  not  quite  sure  which  really  is  the  state 
of  having  more,  and  which  the  state  of  having  less,  or  whether 
there  are  such  states  at  all :  for  it  is  more  than  probable,  that 
electricity  is  a  force  and  not  a  thing.  But  we  must  not  wander 
into  this  devious  path.  We  will  use  the  term ;  but  with  the 
understanding  that  what  we  call  plus  or  positive  electricity,  is 
that  produced  on  glass  when  it  is  rubbed  with  silk,  and  what  we 
call  minus  or  negative,  is  that  produced  mi  sealing-wax  under 
similar  circumstances. 

C.  Why  do  you  lay  such  a  stress  upon  the  word  on  • 

T.  Because  the  rubber  as  well  as  the  body  rubbed  became  hoih 
electrified,  and  they  assume  the  opposite  states.  So  that  when 
glass  is  made  positive  by  a  silk  rubber,  the  rubber  itself  becomes 
negative. 
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J.  Then,  before  Charles  gave  me  the  spark,  I  was  electrified 
minus ;  and  when  he  had  given  it  to  me,  he  was  minus  till  he 
received  it  from  you. 

T,  That  is  right.  Suppose  you  stand  on  a  stool  and  hold  the 
rubber,  and  Charles  stand  on  another  stuol,  and  touch  the  prime 
conductor  l,  while  I  turn  the  machine,  which  of  you  will  be  plus, 
and  which  minus  electrified  ? 

c7.  I  shall  be  minus,  because  I  give  to  the  rubber :  and  Charles 
will  be  plus,  because  he  receives  from  the  conductor  what  I  gave 
to  the  rubber,  and  which  is  carried  by  the  cylinder  to  the  conductor, 

T.  You  then  have  less  than  your  share,  and  your  brother  has 
more  than  he  ought  to  have.  Now,  if  1  get  another  glass-legged 
stool,  I  can  take  from  Charles  what  he  has  too  much,  and  give  it 
to  vou,  who  have  too  little. 

C.  Is  it  necessary  that  you  should  be  insulated  for  this  pur- 
pose? 

T,  By  being  insulated,  I  may,  perhaps,  carry  back  to  James  the 
very  electricity  which  passed  from  him  to  you.  But,  if  I  stand  on 
the  ground,  the  quantity  which  I  take  from  you  will  pass  into  the 
earth,  because  I  canfiot,  unless  I  am  insulated,  retain  more  than 
uy  natural  share. 

J,  And  what  is  given  by  you  to  me  is  likewise  instantaneously 
supplied  by  the  earth  ? 

T,  It  is.  Let  us  make  another  experiment  to 
show  that  the  electric  fluid  is  taken  irom  the 
earth.  Here  are  some  little  balls  made  of  the 
pith  of  elder :  they  are  put  on  the  thread  c  d, 
and  being  very  light,  are  well  adapted  to  our 
purpose. 

While  the  chain  is  on  the  cushion,  and  I  work 
the  machine,  do  you  bring  the  balls  near  the  con- 
ductor,  by  holding  the  thread  at  d.  ^'  ^' 

J.  They  are  attracted  by  it ;  and  now  the  two  balls  repel  each 
other,  as  in  the  figure  x. 

T,  I  ought  to  have  told  you  that  the  upper  part  d  of  the  line  is 
silk,  by  which  means  you  know  the  balls  are  insulated,  as  silk  is  a 
non-conductor.  I  take  the  chain  off  from  the  cushion  and  put  it 
on  the  conductor,  so  as  to  hang  on  the  ground,  while  I  turn  the 
machine.  Will  the  balls  be  affected  now,  if  you  hold  them  to  the 
conductor  ? 

J.  No,  they  are  not. 

T.  Take  them  to  the  cushion. 

C.  They  are  attracted  and  repelled  now,  by  bein^  brought 
Aear  the  cushion,  as  they  were  before  by  being  earned  to  the 
conductor. 
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T,  Yes,  and  you  may  take  sparks  from  the  cushion  as  jou  did 
just  now  from  the  conductor :  in  both  cases  it  must  be  evident 
that  the  electric  fluid  is  brought  from  the  earth. 

Some  machines  are  furnished  with  iyiocondtictorSy  one  c^  which 
is  connected  with  the  cushion,  the  other  such  as  we  have  de- 
scribed. Turn  the  cylinder,  and  both  conductors  will  be  electri- 
fied :  but  any  body  which  is  brought  within  the  influence  of  these 
will  be  attracted  by  one  of  the  conductors,  and  repelled  by  the 
other ;  and  if  a  cham  or  wire  be  made  to  connect  the  two  together, 
neither  will  exhibit  any  electric  appearances :  they  seem,  there- 
fore, to  be  in  opposite  states ;  accordingly,  electricians  say  that 
the  conductor  connected  with  the  cushion  is  negatively  electrified, 
and  the  other  is  positively  electrified. 


CONVERSATION  V. 

Of  Electrical  Attraction  and  Repulsion, 

J.  What  is  this  large  roll  of  sealing-wax  tor  ? 

7\  As  I  mean  to  explain,  this  morning,  the  principles  of  elec- 
trical attraction  and  repulsion,  I  have,  besides  the  electrical 
machine,  brought  out  for  use  a  roll  of  sealing-wax,  which  is  about 
fifteen  inches  long,  and  an  inch  and  a  quarter  in  diameter ;  I  have 
also  here  the  glass  tube. 

C,  Are  they  not  both  electrics,  and  capable  of  being  excited  ? 

T,  They  are  ;  but  the  electricity  produced  by  exciting  them 
has  different  or  contrary  properties.  1  will  excite  the  glass  tube, 
and  Charles  shall  excite  the  wax.  Now  do  you  bring  the  pith 
balls,  which  are  suspended  on  silk  to  the  tube.  They  are  suddenly 
drawn  to  it,  and  now  they  are  repelled  from  one  another,  and 
likewise  from  the  tube,  for  vou  cannot  easily  make  them  touch  it 
again : — but  take  them  to  the  excited  wax. 

J.  The  wax  attracts  them  very  powerfully :  now  they  fall 
together  again,  and  appear  in  the  same  state  as  they  were  in 
before  they  were  brought  to  the  excited  tube. 

T.  Repeat  the  experiment  again  and  again,  because  on  this  two 
different  theories  have  been  formed  ;  one  of  which  is,  that  there 
are  two  electricities,  called  by  some  philosophers  the  vitreous  or 
positive  electricity,  and  resinous  or  negative  electricity. 

O,  Why  are  they  called  vitreous  and  resinous  f 

T,  The  word  vitreous  is  Latin,  and  signifies  any  glassy  sub- 
stance ;  and  the  word  resinous^  used  to  denote  that  the  electricity 
produced  by  resins,  wax,  &c.,  possesses  di£^rent  qualities  from 
that  produced  by  glass. 
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(7.  Is  it  not  natural  to  suppose  that  there  are  two  electricities^ 
since  the  excited  wax  attracts  the  very  same  bodies  that  the  ex- 
cited slass  repels  ? 

T,  It  may  be  as  easily  explained,  by  supposing  that  every 
body,  in  its  natural  state,  possesses  a  certain  quantity  of  the 
electricity,  and  if  a  part  of  it  be  taken  away,  it  endeavours  to  get 
it  from  other  bodies:  or,  if  more  be  thrown  upon  it  than  its 
natural  quantity,  it  yields  it  readily  to  other  bodies  that  come 
within  its  influence. 

C.  I  do  not  understand  this. 

T,  If  I  excite  this  glass  tube,  the  electrici^  which  it  exhibits 
is  supposed  to  come  from  my  hand ;  but  if  I  excite  the  roll  of 
wax  in  the  same  way,  the  effect  is  according  to  this  theory,  that 
a  part  of  the  electric  fluid  naturally  belonging  to  the  wax  passes 
from  it  through  my  hand  to  the  earth ;  and  the  wax,  being  sur- 
rounded with  the  air,  which,  in  its  dry  state,  is  a  non-conductor, 
remains  exhausted,  and  is  ready  to  take  sparks  from  any  body 
that  may  be  presented  to  it. 

C,  Can  you  distinguish  that  the  sparks  came  from  the  glass  to 
the  hand  ;  and  on  the  contrary,  from  the  hand  to  the  wax  ? 

T,  No:  the  velocity  with  which  the  electric  spark  moves 
renders  it  impossible  to  say  what  course  it  takes;  but  I  shall 
show  you  other  experiments  which  seem  to  justify  this  theory : 
and,  as  Nature  always  works  by  the  simplest  means,  it  seems 
more  consistent  with  her  usual  operations  that  there  should  be  one 
fluid  rather  than  two,  provided  that  known  facts  can  be  equally 
well  accounted  for  by  one  as  by  two. 

C,  Can  you  account  for  all  the  leading  facts  by  either  theory  ? 

T.  Yes,  we  can.  You  saw  when  the  pith  balls  were  electrified 
they  repelled  one  another.  It  is  a  general  principle  in  electricity, 
that  two  bodies  similarly  electrified  repel  one  another.  But  if 
dissimilarly,  they  will  attract  one  another. 

(7.  How  is  this  shown  ? 

T,  I  will  hold  this  ball,  which  is  insulated  by  a  silk  thread,  to 
the  conductor,  and  do  you,  Charles,  do  the  same  with  the  other. 
Let  us  now  bring  them  together. 

C,  No,  we  cannot :  they  fly  from  one  another. 

T,  I  will  hold  mine  to  the  insulated  cushion,  and  you  shall 
hold  yours  to  the  conductor,  while  the  machine  is  turned :  now  I 
suspect  they  will  attract  one  another. 

J,  They  do  indeed. 

(7.  The  reason  is  this,  that  the  cushion,  and  whatever  is  in 
contact  with  it,  parts  with  a  portion  of  its  electricity ;  but  the 
conductor,  and  the  adjoining  bodies,  have  more  than  their  share ; 
therefore,  the  ball  applied  to  the  cushion  being  negatively  elec- 
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trified,  will  attract  the  one  connected  with  the  conductor,  whidi 
is  positively  electrified. 

T,  Here  is  a  tuft  of  feathers,  which  I  stick  in  a  small  hole  in  the 
conductor :  now  see  what  happens  when  I  turn  the  cylinder. 

J,  They  all  endeavour  to  avoid  each  other,  and  stand  erect  in  a 
beautiful  manner.  Let  me  take  a  spark  from  the  conductor  :  now 
they  fall  down  in  a  moment 

T,  When  I  turned  the  wheel,  they  all  had  more  than  tbeir 
share  of  the  electric  fluid,  and  therefore  they  repelled  one  another; 
but  the  moment  the  electricity  was  taken  away,  they  fell  into  their 
natural  position.  A  large  plume  of  feathers,  when  electrified, 
grows  beautifully  turgid,  expanding  its  fibres  in  all  directions,  and 
they  collapse  when  the  electricity  is  taken  off. 

J,  Could  you  make  the  hairs  on  my  head  repel  one  another  ? 

T,  Yes,  that  I  can.  Stand  on  the  glass-legged  stool,  and  hold 
the  chain  that  hangs  on  the  conductor  in  your  hand,  while  I  turn 
the  machine. 

C  Now  your  hairs  stand  all  on  end. 

J,  And  1  feel  something  like  cobwebs  over  my  face. 

T.  There  are,  however,  no  cobwebs,  but  that  is  the  sensation 
which  a  person  always,  experiences  if  he  be  highly  electrified. 
Hold  the  pith  ball,  Charles,  near  your  brother's  face. 

t7.  It  is  attracted  in  the  same  manner  as  it  was  before  with  the 
conductor. 

T.  Hence  you  may  lay  it  down  as  a  general  rule,  that  all  light 
substances  coming  within  the  influence  of  an  electrified  body  are 
attracted  by  it,  whether  it  is  electrified  positively  or  negatively. 

(7.  Because  they  are  attracted  by  the  positive  electricity  to 
receive  some  of  the  superabundant  quantity ;  and  by  the  negative 
to  give  away  some  that  they  possess. 

T,  Just  so  :  and  when  they  have  received  as  much  as  they  can 
contain,  they  are  repelled  by  the  electrified  body.  The  same 
thing  may  be  shown  in  various  ways.  Having  excited  this  glass 
tube,  either  by  drawing  it  several  times  through  my  hand  or  by 
means  of  a  piece  of  flannel,  I  wiU  bring  it  near  this  small  feather. 
See  how  quickly  it  jumps  to  the  glass. 

J,  It  does,  and  sticks  to  it. 

T,  You  will  observe,  that,  after  a  minute  or  two,  it  will  have 
taken  as  much  electricity  from  the  tube  as  it  can  hold,  when  it 
will  suddenly  be  repelled,  and  jump  to  the  nearest  conductor; 
upon  which  it  will  discharge  the  superabundant  electricity  that  it 
has  acquired. 

J,  I  see  it  is  now  going  to  the  ground,  that  being  the  nearest 
conductor. 

T,  I  will  prevent  it,  by  holding  the  electrified  tube  between 
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it  and  the  floor.  You  see  how  unwilling  it  is  to  come  again  in 
contact  with  the  tube :  by  pursuing,  I  can  drive  it  where  I  please 
without  touching  it. 

C,  That  is,  because  the  glass  and  the  feather  are  both  charged 
with  the  same  electricity. 

T,  Let  the  feather  touch  the  ground,  or  any  other  conductor,  and 
you  will  see  that  it  will  jump  to  the  tube  as  fast  as  it  did  before. 

I  will  suspend  this  brass  plate,  which  is  about  five  inches  in 
diameter,  to  the  conductor,  and  at  the  distance  of  three  or  four 
inches  below,  I  will  place  some  small  feathers,  or  bits  of  paper 
cut  into  the  figures  of  men  and  women.  They  lie  very  quiet  at 
present ;  observe  their  motions  as  soon  as  I  turn  the  wheel. 

J,  They  exhibit  a  pretty  country-dance :  they  jump  up  to  the 
top  plate,  and  then  down  again. 

T.  The  same  principle  is  evident  in  all  these  experiments. 
The  upper  plate  has  more  than  its  own  share  of  the  electric  fluid, 
which  attracts  the  little  figures :  as  soon  as  they  have  received 
a  portion  of  it,  they  go  dowji  to  give  it  to  the  lower  plate ;  and 
so  it  will  continue  till  the  upper  plate  is  discharged  of  its  super- 
abundant quantity. 

I  will  take  away  the  plates,  and  hang  a  chain  on  the  conductor, 
the  end  of  which  shall  lie  in  several  folds  in  a  glass  tumbler :  if 
I  turn  the  machine,  the  electric  fluid  will  run  through  the  chain,' 
and  will  electrify  the  inside  of  the  glass.  This  done,  I  turn  it 
quickly  over  eight  or  ten  small  pith  balls,  which  lie  on  the  table. 

C,  This  is  a  very  amusing  sight :  how  they  jump  about !  They 
serve  also  to  fetch  the  electricity  from  the  glass  and  carry  it  to  the 
table. 

T,  If  instead  of  the  lower  metal  plate,  I  hold  in  my  hand  a 
pane  of  dry  and  very  clean  glass,  by  the  comer,  the  paper  figures, 
or  pith  balls,  will  not  move,  because  glass  being  a  non-conducting 
substance,  it  has  no  power  of  carrying  away  the  superabundant 
electricity  from  the  plate  suspended  from  the  conductor. 

Take  now  the  following  results,  and  commit  them  to  your 
memory : — 

1.  If  two  insulated  pith  balls  be  brought  near  the  conductor, 
and  be  electrized  by  touching  it,  they  will  repel  each  other. 

2.  If  an  insulated  conductor  be  connected  with  the  cushion, 
and  two  insulated  pith  balls  be  electrized  by  it,  they  will  repel 
each  other. 

3.  If  one  insulated  ball  be  electrized  by  the  prime  conductor, 
and  another  by  the  conductor  connected  with  the  cushion,  and 
they  be  brought  near,  tbey  will  attract  each  other. 

4.  If  one  Ml  be  electrized  by  glass,  and  another  by  wax,  they 
will  attract  each  other. 
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5.  If  one  ball  be  electrized  by  a  smooth,  and  another  by  a 
rough,  excited  glass  tube,  they  will  attract  one  another. 

C,  What  is  that  you  say  about  rough  glass  ?  You  have  not 
mentioned  any  difference  in  glass  before. 

T.  I  should  have  told  you  that  bodies  become  diif<»'endy 
electrized,  according  to  the  nature  of  the  rubber ;  as,  for  instance, 
polished  glass  when  rubbed  with  woollen  cloth,  becomes  pasititfdy 
electrized,  and  when  rubbed  with  the  skin  of  a  cat,  becomes 
negatively  electrized.  The  following  is  a  list  of  bodies  which  are 
negatively  electrized  when  rubbed  by  a  bodv  preceding  them  in 
the  list,  and  positively  when  rubbed  by  one  following  : — 

Cats*  skin.  Paper. 

Polished  glass.  Silk. 

Woollen  cloth.  Gum  lac. 

Feathers.  Bough  glass. 
Wood. 


CONVERSATION  VI. 

0/  Electrical  Attraction  and  Repuhion, 

T,  I  will  show  you  another  instance  or  two  of  the  effects  of 
electrical  attraction  and  repulsion. 

This  apparatus  consists  of  three  bells  suspended  from  a  brass 

wire,  the  two  outer  ones  by  small  brass 
chains;  the  middle  bell,  and  the  two 
clappers    x  x,    are  suspended    on    silk. 


Fig.  4. 


From  the  middle  bell  there  is  a  chain  n, 
which  goes  to  the  table,  or  any  other  con- 
{6  ducting  substance.  The  bells  are  now  to 
be  hung  by  c  on  the  conductor,  and  the 
electrical  machine  to  be  put  in  motion. 

J,  The  clappers  go  from  bell  to  bell, 
and  make  very  pretty  music  ;  how  do  you 
explain  this  ? 

T,  The  electric  fluid  runs  down  the  chains  a  and  h  to  the  bells 
A  B :  these  having  more  than  their  natural  quantity,  attract  the 
clappers  x  sc,  which  take  a  portion  from  a  and  b,  and  carry  it  to 
the  centre  bell  n,  and  this,  by  means  of  the  chain,  conveys  it  to 

0,  Would  not  the  same  efifect  be  produced  if  the  clappers  were 

not  suspended  on  silk  ?  ,       .  ./.  i      u  .    .        , 

T,  Certainly  not ;  nor  will  it  be  produced  if  the  cnam  be  taken 
away  from  the  bell  n,  because  then  there  b  no  way  left  to  carry 
off  the  electric  fluid  to  the  earth. 
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Another  amusing  experiment  is  thus  made: — ^Let  there  be 
two  wires  placed  exactly  one  above  another,  and  fiarallel ;  the 
upper  one  must  be  suspended  from  the  conductor,  the  other  is 
to  communicate  with  the  table.  A  light  image  placed  between 
these  will,  when  the  conductor  is  electrized,  appear  like  a  rope- 
dancer. 

This  piece  of  leaf-brass  is  called  the  electric  fish ;  one  end  is  a 
sort  of  obtuse  angle,  the  other  is  acute ;  if  the  large  end  be  pre- 
sented towards  a  charged  conductor,  it  will  attach  itself  to  it, 
and,  from  its  wavering  motion,  will  appear  to  be  animated. 

This  property  of  attraction  and  repulsion  has  led  to  many 
inventions  of  instruments  called  electroscopes  and  electrometers. 

J,  Is  not  an  electrometer  a  machine  to  measure  the  strength  of 
the  electricity  ? 

T,  Yes  ;  and  this  is  one  of  the  most  simple,  and 
it  depends  entirely  upon  the  repulsion  which  takes 
place  between  two  electrized  bodies.  It  consists 
of  a  light  rod  and  a  pith  ball,  hanging  parallel  to 
the  stem,  but  turning  on  the  centre  of  a  semicircle, 
so  as  to  keep  close  to  its  graduated  limb.  This 
is  to  be  placed  in  a  hole  a  on  the  conductor  i,  (see 
fig.  2),  and  accordingly  as  the  conductor  is  more 
or  less  electrized,  the  ball  will  fly  farther  from  the 
stem.  Fig.  5. 

C,  If  the  circular  part  be  marked  with  degrees,  you  may,  I 
suj^se,  get  an  idea  of  the  strength  of  any  given  charge. 

T,  Yes,  you  may ;  but  you  see  how  fast  the  air  carries  away 
the  electricity  ;  it  scarcely  remains  a  single  moment  in  the  place 
to  which  it  was  repelled.  Two  pith  balls  may  be  suspended 
parallel  to  one  another,  on  silken  threads,  and  applied  to  any  part 
of  an  electrical  machhie,  and  they  will  by  their  repulsion  serve 
for  an  electrometer ;  for  they  will  repel  one  another  the  more  as 
the  machine  acts  more  powerfully. 

J,  Has  this  any  advantage  over  the  other  ? 

T,  It  serves  to  show  whether  the  electricity  be  negative  or 
positive ;  for  if  it  be  positive,  by  applying  an  excited  stick  of 
sealing-wax,  the  threads  will  fall  together  again ;  but  it  it  be 
negative,  excited  sealing-wax,  or  resin,  or  sulphur,  or  even  a  rod 
of  glass,  the  polish  of  which  is  taken  ofif,  will  make  them  recede 
farther. 

We  have  now  perhaps  said  enough  respecting  electrical  attrac- 
tion and  repulsion,  at  least  for  the  present ;  I  wish  you,  however, 
to  commit  the  following  results  to  your  memory : — 

1.  Bodies  that  are  electrized  positively  repel  each  other. 

2.  Bodies  that  are  electrized  negatively  repel  each  other. 
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C,  Do  you  mean  that  if  two  bodies  have  either  more  or  less  of 
the  electric  fluid  than  their  natural  share,  they  will  repel  each 
other  if  brought  sufficiently  near  ? 

T,  That  is  exactly  what  I  mean. 

3.  Bodies  electrized  by  contrary  powers,  that  is,  two  bodies, 
one  having  more  and  the  other  less  than  its  natural  share,  attract 
each  other  very  strongly. 

4.  Bodies  that  are  electrized  attract  light  substances  which  are 
HOt  electrized. 

These  are  facts  which  I  trust  have  been  made  evident  to  your 
senses.  To-morrow  we  will  describe  what  is  usually  called  the 
Leyden  phial. 


CONVERSATION  VII. 

Of  the  Leyden  Phial,  or  Jar, 

T,  I  will  take  away  the  wires  and  the  ball  frnra  the  conductor, 
and  then  remove  the  conductor  an  inch  or  two  farther  from  the 
cylinder.  If  the  machine  acts  strongly,  bring  an  insulated  pith 
ball,  that  is,  one  hanging  on  silk,  to  the  end  of  the  conductor, 
nearest  to  the  glass  cylinder. 

6\  It  is  immediately  attracted. 

T.  Carry  it  to  the  other  end  of  the  conductor,  and  see  what 
happens. 

C.  It  is  attracted  again;  but  I  thought  it  would  have  been 
repelled. 

T,  Then,  as  the  ball  was  electrified  before  and  is  still  attracted, 
you  are  sure  that  the  electricities  of  the  two  ends  of  the  con- 
ductor are  of  different  names ;  that  is,  one  is  jplus  and  the  other 
minua, 

J,  Which  is  the  positive,  and  which  is  the  negative  end  ? 

jT.  That  end  of  the  conductor  which  is  nearest  to  the  cylinder 
becomes  possessed  of  an  electricity  different  from  that  of  the 
cylinder  itself. 

J,  Do  you  mean,  that  if  the  cylinder  is  positively  electrized, 
the  end  of  the  conductor  next  to  it  is  electrized  negatively  ? 

T.  I  do ;  and  this  you  may  see  by  holding  an  insulated  pith 
ball  between  them. 

C,  Yes  ;  it  is  now  very  evident,  for  the  ball  fetches  and  carries, 
as  we  have  seen  it  do  before. 

T.  Here  is  a  common  glass  tumbler :  if  I  conduct  inside  it  a 
greater  portion  of  electricity  than  its  natural  share,  and  hold  it  in 
my  hand,  or  place  it  on  any  conducting  substance,  as  a  table,  a 
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part  of  the  electric  fluid,  that  naturally  belongs  to  the  outside, 
will  make  its  escape  through  my  body,  on  the  table. 

C,  Let  me  try  this. 

T.  But  you  must  be  careful  that  you  do  not  break  the  glass. 

C.  I  wiU  hang  the  chain  on  the  conductor,  and  let  the  other 
end  lie  on  the  bottom  of  the  glass,  and  James  will  turn  the 
machine. 

T,  You  must  take  care  that  the  chain  does  not  touch  the  edge 
of  the  glass,  because  then  the  electric  fluid  will  run  from  one  side 
of  it  to  the  other,  and  spoil  the  experiment. 

J,  If  I  have  turned  the  machine  enough,  take  the  chain  and 
try  the  two  sides  with  the  insulated  pith  ball. 

C,  What  is  this  ?  something  has  pierced  through  my  arms  and 
shoulders. 

T,  That  is  a  trifling  electric  shock  which  you  might  have 
avoided  if  you  had  waited  for  my  directions. 

C.  Indeed  it  was  not  trifling :  I  feel  it  now. 

T,  This  leads  us  to  the  Leyden  phial,  so  called  because  the 
discovery  was  first  made  at  Leyden,  in  Holland,  and  by  means  of 
a  phial  or  small  bottle. 

J,  Was  it  found  out  in  the  same  manner  as  Charles  has  just 
discovered  it  ? 

T.  Nearly  so.  Mr.  Cuneus,  a  Dutch  philosopher,  was  holding 
a  glass  phial  in  his  hand,  about  half  filled  with  water,  but  the 
sides  above  the  water  and  the  outside  were  quite  dry ;  a  wire 
also  hung  from  the  conductor  of  an  electrical  machine  into  the 
water. 

J,  Did  that  answer  to  the  chain  ? 

T,  Just  so ;  and,  hke  Charles,  he  was  going  to  disengage  the 
wire  with  one  hand,  as  he  held  the  bottle  in  the  other,  and  was 
surprised  and  alarmed  by  a  sudden  shock  in  his  arms  and  through 
his  breast,  which  he  had  not  the  least  expected. 

C.  I  do  not  think  there  was  anything  to  be  alarmed  at. 

2\  The  shock  which  he  felt  was,  probably,  something  severer 
than  that  which  you  have  just  expeiienced  ;  but  the  terror  was 
evidently  increased  by  its  coming  so  completely  unexpected. 

When  M.  Muschenbroek  first  felt  the  shock,  which  was  by 
means  of  a  thin  glass  bowl,  and  very  slight,  he  wrote  to  M.  Reau- 
mur that  he  felt  himself  struck  in  his  arms,  ^boulders,  and  breast, 
so  that  he  lost  his  breath,  and  was  two  whole  days  before  he 
recovered  from  the  effects  of  the  blow. 

C.  Perhaps  he  meant  the  fright. 

T,  Terror  seems  to  have  been  the  effect  of  the  shock ;  for  he 
adds,  ^*  I  would  not  take  a  second  shock  for  the  whole  kingdom  of 
France." 
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Mr.  Ninkler,  an  ezperimental  philosopher  at  Leipsic,  describes 
the  shock  as  having  given  him  convulsions,  a  h^viness  in  his 
head,  such  as  he  should  feel  if  a  large  stone  were  on  it,  and  he 
had  reason  to  dread  a  fever,  to  prevent  which  he  put  himself  on  a 
course  of  cooling  medicines.  "  Twice,"  he  says,  "  it  gave  me  a 
bleeding  at  the  nose,  to  which  I  am  not  inclined ;  and  my  wife, 
whose  curiosity  surpassed  her  fears,  received  the  shock  twice,  and 
found  herself  so  weak  that  she  could  scarcely  walk.  Neverthe- 
less, in  the  course  of  a  few  days,  she  received  another  shock, 
which  caused  a  bleeding  at  the  nose." 

cT.  Is  this  called  the  Leyden  phial  ? 


Fig.  7. 

jT.  It  is.  Leyden  phials  are  now  made  in  this  manner :  a  b, 
(fig.  6)  is  a  glass  jar,  both  inside  and  out  being  covered  with  tin- 
foil about  three  parts  of  the  way  up,  as  far  as  x. 

(7.  Does  the  outside  covering  answer  to  the  hand,  and  the 
inside  covering  to  the  water  ? 

T,  They  do.  The  piece  of  wood  z  is  placed  on  the  top, 
merely  to  support  the  brass  wire  and  knob  v,  to  the  bottom  of 
which  hangs  a  chain  that  rests  on  the  bottom  of  the  jar.  I  will 
now  set  the  jar  in  such  a  situation  that  it  shall  be  within  two  or 
three  inches  of  the  conductor,  while  I  work  the  machine. 

J,  The  sparks  fly  rapidly  from  the  conductor  to  the  knob  v, 

T,  By  that  means  the  inside  of  the  jar  becomes  charged  with 
a  superabundant  quantity  of  electricity ;  and  as  it  cannot  con- 
tain this  without,  at  the  same  time,  driving  away  an  equal 
quantity  from  the  outside,  the  inside  is  charged  positively,  and 
the  outside  negatively.  To  restore  the  equilibrium,  I  must 
make  a  communication  between  the  outside  and  inside  with  some 
conducting  substance ;  that  is,  I  must  make  the  same  substance 
touch  at  the  same  time  the  outside  tinfoil  and  that  which  is 
within,  or,  which  is  the  same  thing,  another  substance  that  does 
touch  it. 

C.  The  brass  wire  touches  the  inside :  if  I,  therefore,  with  one 
hand  touch  the  knob,  and  with  the  other  the  outside  coveringi 
will  it  be  sufficient  ? 


DI8CHARGING-R0D.  431 

T.  It  will :  tnit  I  had  rather  you  would  not,  because  the  shock 
would  be  more  powerful  than  I  should  wish  either  you  or  myself 
to  experience.  Here  is  a  brass  wire  with  two  httle  balls  or 
knobs  h  s  (fig,  7)  screwed  to  it.  I  will  bring  one  of  them,  as  s, 
to  the  outside,  and  the  other,  b,  to  the  ball  y  on  the  wire.  (See 
%.  6). 

(7.  What  a  brilliant  spark,  and  what  a  loud  noise ! 

T.  The  electric  fluid,  that  occasions  the  light  and  the  noise, 
ran  from  the  inside  of  the  jar,  through  the  wire  to  «,  and  spread 
itself  over  the  outside. 

C,  Would  it  have  gone  through  my  arms  if  I  had  put  one 
hand  to  the  outside,  and  touched  the  wire  communicating  with 
the  inside  with  the  other  ? 

T.  It  would,  and  you  may  conceive  that  the  shock  would  have 
been  in  proportion  to  the  quantity  of  the  fluid  collected.  The 
instrument  1  used  may  be  called  a  discharging-rod.  But  here 
is  a  more  convenient  one  (fig.  8) :  the  handle  d  is  solid  glass, 
fastened  into  a  brass  socket,  and  the  brasswork  is  the  same  as  in 
the  last  flgure;  only  by  turning  on  a  joint,  the  arms  may  be 
opened  to  any  extent. 

J,  Why  is  the  handle  glass  ? 

T,  Because  glass  being  a  non-conductor,  the  electric  fluid  passes 
through  the  brasswork  without  affecting  the  hand ;  whereas,  with 
the  other,  a  small  sensation  was  perceived  while  I  discharged  the 

(7.  Would  the  jar  never  discharge  itself? 

T,  Yes ;  bv  exposure  to  the  air  for  some  time,  the  charge  of 
the  jar  will  be  silently  and  gradually  dissipated,  for  the  super- 
abundant electric  fluid  of  the  inside  will  escape,  by  means  of  the 
air,  to  the  outside  of  the  jar.  But  electricians  make  it  a  rule 
never  to  leave  a  jar  in  its  charged  state. 

J,  What  is  the  reason  of  this  rule  ? 

T,  To  prevent  accidents.  A  person  coming  into  the  room 
unawares,  by  touching  a  charged  jar,  might  receive  a  shock  that, 
under  peculiar  circumstances,  might  be  attended  with  dangerous 
consequences. 

There  is  a  circumstance  connected  with  the  charging  of  a  glass 
plate,  or  a  jar,  that  I  desire  to  point  out :  it  is,  that  the  charge 
is  not  ui  the  metal  coating,  but  resides  on  the  respective  surfaces 
of  the  glass.  I  have  here  a  jar  with  movable  coabngs,  which  are 
of  tin,  like  tin  canisters :  I  place  the  jar  in  one  of  the  tins,  and 
place  the  other  tin  in  the  jar,  and  they  thus  serve  as  coatings. 
When  the  jar  is  charged,  I  can  remove  the  inner  lining  by  a 
glass  rod,  without  discharging  it,  and  I  then  lift  the  jar  out  of 
the  outer  lining.    I  find  no  traces  of  electricity  on  either  canister^ 
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and  if  there  were,  it  would  escape  when  I  place  them,  as  I  do, 
on  the  table.  But  on  returning  them  to  their  places,  I  can 
dbcharge  the  jar,  proving  that  the  charge  remained  with  the 
glass. 


CONVERSATION  VIH. 

Of  the  Leyden  Jar, — Lane^s  Discharging  ElectroTneter^  and  the. 

Electrical  Battery. 

C,  In  discharging  the  jar  yesterday,  I  observed  that,  when  one 
of  the  discharging-rods  touched  the  outside  of  the  jar,  the  flash 
and  report  took  place  before  the  other  end  came  in  contact  with 
the  brass  wire  that  communicates  with  the  inside  coating. 

T,  Yes,  it  acts  in  the  same  manner  as  when  ypu  take  a  spark 
from  the  conductor ;  you  do  not,  for  that  purpose,  bring  your 
knuckle  close  to  it. 

J.  Sometimes,  when  the  machine  acts  very  powerfuUy,  you 
may  get  the  spark  at  the  distance  of  several  inches. 

T,  By  the  same  principle,  the  higher  an  electrical  or  Leyden 
jar  is  charged,  the  more  easily,  or  at  a  greater  distance,  is  it  dis- 
charged. 

C,  From  your  experiments  it  does  not  seem  that  it  will  dis- 
charge at  so  great  a  distance  as  that  in  which  a  spark  may  be 
taken  from  the  conductor. 

T.  Very  frequently  a  jar  will  discharge  itself  after  it  has  accu- 
mulated as  much  of  the  electric  fluid  as  it  can  contain :  that  is,  the 
fluid,  which  is  thrown  on  the  inside  coating,  vnll  make  its  way 
along  the  surface  of  the  glass  to  the  outside  coating. 

J,  In  a  Leyden  jar,  after  the  first  discharge,  you  always,  I 
perceive,  take  another  and  a  smaller  one. 

T,  The  whole  charge  will  not  pass  at  first  from  the  inside  to 
the  out:  what  remains  is  called  the  residuum,  and  this,  in  a 
large  jar,  would  give  you  a  considerable  shock;  therefore,  I 
advise  you  always,  in  discharging  an  electrical  jar,  to  take  away 
the  residuum  before  you  venture  to  remove  the  apparatus.  I  will 
now  describe  an  electrometer,  which  depends  for  its  action  on  the 
principles  we  have  been  describing. 

(7.  Do  you  mean  upon  the  jar's  discharging  before  the  outside 
and  inside  coating  are  actually  brought  into  contact  ? 

T.  I  do.  The  arm  d  (fig.  9)  is  made  of  glass,  and  proceeds 
from  a  socket  on  the  wire  of  the  electrical  jar  f.  To  the  top  of 
the  glass  arm  is  cemented  another  brass  socket  b,  through  which 
a  wire,  with  balls  b  and  c  at  each  end,  will  slide  backwards  and 
forwards. 
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J,  So  that  it  may  be  brought  to  any  distance  irom  tbe  ball  a 
which  is  on  the  wire,  connected  with  the  in-  ,  — 

side  of  the  jar.  ^_^^_5  Jt^^^^m 

T.  Just  ao.    When  the  jar  p  is  set  either    i    v_*i^^ 
in  contact  with,  or  very  near,  the  conductor 
as  it  is  represented  in  the  figure,  and  the 
hall  B  ia  set  at  the  distance  of  the  e'  '  ' 
of  an  inch  from  the  ball  a,  let  a  wire  k.  be 
fixed  between  the  ball  c  and  the  outside  coat- 
ing of  the  jar.    Then,  as  soon  as  the  machine 
is  worked,  the  jar  cannot  be  chained  beyond  a 
for,  when  the  charfte  a  strong  enough  to  pass  froi 
B,  the  discharge  will  take  place,  and  the  electric  fluid,  collected 
in  the  inside,  will  pass  through  the  wire  k  to  the  outside  coaling. 

C.  If  you  remove  the  halls  to  a  greater  distance  from  one 
another,  will  a  stronger  charge  be  required  before  the  fluid  can 
pass  from  the  inside  of  the  jar  to  the  ball  b  of  the  electrometer  f 

T.  Certainly :  and,  thin^fore,  the  disriiarge  will  be  much 
stronger.  The  machine  is  called  Lane's  Dischai^ng  Eicctro- 
meler,  from  the  name  of  the  person  who  invented  it. 

This  boi  contains  nine  jars  or  Leyden  phials  :  the  wires, 
which  proceed  from  the  inside  of  each 
three  of  these  jars,  are  screwed  or  fas- 
tened to  a  common  horizontal  wire  a, 
which  is  knobbed  at  each  extremity ;  and 
by  means  of  the  wires  f  t  the  inside 
coating  of  three  or  six,  or  the  whole  nine, 
may  be  connected. 

>/.  Is  it  a  common  box  in  which  the 
jars  are  placed  ? 

T.  The  inside  of  the  box  is  lined  with  *^*-  '"^ 

tinfoil;  sometimes  very  thin  plates  are  used,  for  the  purpose  of 
connecting  more  eifectually  the  outside  coating  of  the  jars. 

C.  What  is  the  hook  c  on  one  of  the  sides  of  the  box  for  ? 

T.  To  this  hook  is  fastened  a  strong-  wire,  which  communicatee 
with  the  inside  lining  of  the  box,  and  that,  of  course,  with  the  out- 
side coating  of  the  jars.  And,  as  you  see,  to  the  book  a  wire  is 
also  fastened,  which  connects  it  with  one  branch  of  the  discharging 
rod  A. 

J.  Is  there  any  particular  art  to  be  used  in  charging  a 
battery? 

T.  No :  ihe  best  way  is  to  bring  a  chain,  or  a  piece  of  wire, 
from  the  conductor  to  one  of  the  balls  e  i  on  the  rods  that  rest 
upon  the  jars,  and  then  set  the  machine  to  work.  The  electric 
fluid  passes  from  the  conductor  to  the  inside  of  all  the  jars,  till 
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they  are  charged  sufficiently  high  for  the  purpose.  Great  caution, 
however,  must  be  used  when  you  come  to  make  experimeDts 
with  a  battery,  for  fear  of  an  accident,  either  to  yourself  or  to  the 
spectators. 

C,  Would  a  shock  from  this  be  attended  with  any  bad  conse- 
quences ? 

T.  Yes :  very  serious  accidents  may  happen  from  the  electricity 
accumulated  in  a  large  battery ;  and  even  with  a  battery  such  as 
is  represented  in  the  figure,  a  shock  may  be  ^ven,  which  if 
passed  through  the  head,  or  other  vital  parts  of  the  body,  may  be 
attended  with  very  mischievous  effects. 

J.  How  do  you  know  when  the  battery  is  properly  charged  ? 

T.  The  quadrant  electrometer  (fig.  5)  is  the  best  guide,  and 
this  may  be  fixed  either  on  the  conductor  or  upon  one  of  the 
rods  of  the  battery.  But  if  it  is  fixed  on  the  battery,  the  stem 
of  it  should  be  of  a  good  length,  not  less  than  twelve  or  fifteen 
inches. 

C,  How  high  will  the  index  stand  when  the  battery  b 
charged  ? 

T,  It  will  seldom  rise  so  high  as  90°,  because  a  machine,  under 
the  most  favourable  circumstances,  cannot  charge  a  battery  so 
high,  in  proportion,  as  a  single  jar.  You  may  reckon  that  a 
))attery  is  well  charged  when  the  index  rises  as  high  as  60°,  or 
between  that  and  70°. 

J,  Is  there  no  danger  of  breaking  the  jars  when  the  battery  is 
very  highly  charged  ? 

T,  Yes,  there  is ;  and  if  one  jar  be  cracked,  it  is  impossible  to 
charge  the  others  till  the  broken  one  be  removed.  To  prevent 
accidents,  it  is  recommended  not  to  discharge  a  battery  through  a 
good  conductor,  except  the  circuit  is  at  least  five  feet  long. 

C  Do  you  mean  the  wire  should  be  so  long  ? 

T,  Yes,  if  you  pass  the  charge  through  a  wire  ;  but  you  may 
carry  it  through  any  conductor. 

fiefore  a  battery  be  used,  the  uncoated  part  of  the  jars  must  be 
made  perfectly  clean  and  dry ;  for  the  smallest  particles  of  dust 
or  moisture  will  carry  away  the  electric  fluid.  And,  after  an 
explosion,  take  care  always  to  connect  the  wire  on  the  hook  with 
the  ball,  to  prevent  any  residuum  remaining. 

J.  Have  not  small  animals  been  sometimes  killed  by  an  electric 
battery  ? 

jT.  Yes :  rats  and  mice  and  pigeons  have  been  killed  instantly 
with  discharges  from  a  battery. 
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CONVERSATION  IX. 

Experiments  made  with  the  Electrical  Battery, 

T,  1  will  now  show  you  some  experiments  with  this  large 
battery.  To  perform  these  in  perfect  safety,  I  must  beg  you  to 
stand  a  good  distance  from  it :  tnis  will  prevent  accidents. 

Ex.  1.  I  take  this  quire  of  writing-paper,  and  place  it  against 
the  hook  or  wire  that  comes  out  of  the  box ;  and  when  the  battery 
is  charged  I  put  one  ball  of  the  discharging-rod  to  a  knob  of  one 
of  the  wires  f,  and  bring  the  other  knob  to  that  part  of  the  paper 
that  stands  against  the  wire  proceeding  from  the  box.  You  see 
what  a  hole  it  has  made  through  every  sheet  of  the  paper.  Smell 
the  paper  where  the  perforation  is. 

C.  It  smells  like  sulphur. 

T.  Or  more  like  phosphorus.  You  observe,  in  this  experi- 
ment, that  the  electric  fluid  passed  from  the  inside  of  the  jars, 
through  the  conducting-rod  and  paper,  to  the  outside. 

J,  Why  did  it  not  pass  through  the  paper  in  the  same  manner 
as  it  passed  the  brass  aischarging-rod,  in  which  it  made  no  hole  ? 

T,  Paper  is  a  non-conducting  substance,  but  brass  is  a  con- 
ductor. Through  the  latter  it  passes  without  any  resistance,  and, 
in  its  endeavour  to  get  to  the  inside  of  the  box,  it  bursts  the 
paper.  The  same  thing  would  have  happened  had  there  been 
twice  or  thrice  as  much  paper.  The  electric  fluid  of  a  single  jar 
will  pierce  through  many  sheets  of  paper. 

C  Would  it  serve  any  other  non-conducting  substance  in  the 
same  manner  ? 

T.  Yes ;  it  will  even  break  a  thin  piece  of  glass,  or  of  resin,  or 
of  sealing-wax,  if  it  be  interposed  between  the  discharging-rod 
and  the  outside  of  the  coating  of  the  battery. 

Ex.  2.  Place  a  piece  of  loaf-sugar  in  the  situation  in  which  the 
(juire  of  paper  was  just  now ;  the  sugar  will  be  broken,  and  in 
the  dark  it  will  appear  beautifully  illuminated,  and  remain  so  for 
many  seconds  of  time.  * 

Ex.  3.  Let  the  small  piecfe  of  wire  proceeding  from  the  hole 
in  the  box  be  laid  on  one  side  of  a  plate,  containing  some  spirits 
of  wine,  and  on  the  opposite  side  of  the  plate  bring  one  of  the 
knobs  of  the  discharging-rod,  while  the  other  is  carried  to  the 
wires  connected  with  the  inside  of  the  jars. 

C.  Then  the  electric  fluid  will  have  a  passage  through  the 
spirit. 

T.  It  will  set  it  on  ^re  instantly. 

Ex.  4.  Take  two  slips  of  common  window-glass,  about  four 
inches  long,  and  one  inch  broad.    Put  a  slip  of  gold-leaf  betweea 


436  ELECTRICITY. 

the  glasses,  leaving  a  small  part  of  it  out  at  each  end ;  then  tie 
the  glasses  together,  or  press  them  with  a  heavy  weight,  and 
send  the  charge  of  the  battery  through  it,  by  connecting  one  end 
of  the  glass  with  the  outside  of  the  jars,  and  bringing  the  dis- 
charging^rod  to  the  other  end,  and  to  the  wires  of  the  inside  of 
the  battery. 
J,  Will  it  break  the  glass  ? 

T,  It  probably  will ;  but  whether  it  does  or  not,  the  gold-leaf 
will  be  forced  into  the  pores  of  the  glass,  so  as  to  appear  like 
glass  stained  with  gold,  which  nothing  can  wash  away. 

Ex.  5.  If  the  gold  leaf  be  put  between  two  cards,  and  a  strong 
charge  passed  through  it,  it  will  be  completely  fused  or  melted, 
the  marks  of  which  will  appear  on  the  card. 
This  instrument,  called  a  universal  discharger,  is  very  useful 

for  passing  charges  through  many 
substances,  b  b  are  glass  pillars, 
cemented  into  the  frame  a.  To 
each  of  the  pillars  is  cemented  a 
brass  cap,  and  a  double  joint  for 
horizontal  and  vertical  motion ;  on 
the  top  of  each  joint  is  a  spring 
^^•1^-  tube,  which    holds    the    sliding- 

wires  a;  a;,  so  that  they  may  be  set  at  various  distances  from  each 
other,  and  turned  in  any  direction.  The  extremities  of  the 
wires  are  pointed,  but  with  screws,  at  about  half  an  inch  from 
the  points,  to  receive  balls.  The  table  b  d,  inlaid  with  a  piece 
of  ivory,  is  made  to  move  up  and  down  in  a  socket,  and  a  screw 
fastens  it  to  any  required  height.  The  rings  c  c  are  very  con- 
venient for  fixing  a  chain  or  wire  to  them,  which  proceeds  from 
the  conductor. 

C,  Do  you  lay  anything  on  the  ivory,  between  the  balls,  when 
you  want  to  send  the  charges  of  a  battery  through  it  ? 

T,  Yes ;  and  by  drawing  out  the  wires  the   balls   may  be 

separated  to  any  distance  less  than  the  length  of 

the  ivory,    h  represents  a  press  which  may  be 

H  substituted  in  the  place  of  the  table  e  d.     It'con- 

sists  of  two  flat  pieces  of  mahogany,  which  may  be 

Fig.  12.         brought  together  by  screws. 

J.  Then,  instead  of  tying  the  slips  of  glass  together  in  Ex.  4, 

you  might  have  done  it  better  by  making  use  of  the  press  ? 

T,  I  might;  but  I  was  willing  to  show  you  how  the  thing 
could  be  done,  if  no  such  apparatus  as  this  were  at  hand.  The 
use  of  the  table  and  press,  which,  in  fact,  always  go  together, 
is  for  keeping  steady  all  descriptions  of  bodies  through  which 
the  charge  of  a  single  jar,  or  any  number  of  which  a  battery 
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consists,  is  to  be  conveyed.  We  will  now  proceed  with  the 
experiments. 

Ex.  6.  I  will  take  the  knobs  from  the  wires  of  the  universal 
discharger,  and  having  laid  a  piece  of  very  dry  writing-paper 
on  the  table  b,  I  place  the  points  of  the  wires  at  an  inch  or  more 
from  one  another ;  then,  by  connecting  one  of  the  rings  c  with 
the  outside  wire  or  hook  of  the  battery,  and  bringing  the  dis> 
charging-rod  from  the  other  ring  c  to  one  of  the  knobs  of  the 
battery,  you  will  see  that  the  paper  will  be  torn  to  pieces. 

Ex.  7.  The  experiment  which  I  am  now  going  to  make  you 
must  never  attempt  by  yourselves.  I  put  a  little  gunpowder 
in  the  tube  of  a  quill,  open  at  both  ends,  and  insert  the  pointed 
extremities  of  the  two  wires  in  it,  so  as  to  be  within  a  quarter 
of  an  inch  or  less  from  each  other.  I  now  send  the  charge  of 
the  battery  through  it,  and  the  gunpowder,  you  see,  is  instantly 
scattered  about ;  and  although  the  spark  has  passed  through  it,  it 
is  not  inflamed.  In  order  to  ignite  it,  it  is  necessary  to  allow  the 
charge  to  pass  along  a  bad  conductor,  so  as  to  present  a  resistance 
to  its  course.  And  now,  if  I  interpose  a  piece  of  moist  string  in 
the  circuit,  the  gunpowder  is  readily  ignited. 

Ex.  8.  Here  is  a  very  slender  wire,  not  an  hundredth  part  of 
an  inch  in  diameter,  which  I  connect  with  the  wires  of  the  dis- 
charger, and  send  the  charge  of  the  battery  through  it,,  which 
will  completely  melt  it,  and  you  now  perceive  the  little  globules 
of  iron  instead  of  the  thin  wire. . 

(7.  Will  other  wires,  besides  iron,  be  melted  in  the  same 
ipanner  ? 

T,  Yes :  if  the  battery  be  large  enough,  and  the  wires  suffi- 
ciently thin,  the  experiment  will  succeed  with  them  all :  even 
with  a  single  jar,  if  it  be  pretty  large,  very  slender  wire  may  be 
fused. 

C,  That  is  a  clear  proof  that  the  superabundant  electricity 
accumulated  in  the  inside  is  carried  to  the  outside  of  the  jars. 

Ex.  9.  I  will  lay  this  chain  on  a  sheet  of  writing-paper,  and 
send  the  charge  of  the  battery  through  the  chain ;  and  you  will 
see  black  marks  will  be  left  on  the  paper  in  those  places  where 
the  rings  of  the  chain  touch  each  other. 

Ex.  10.  Place  a  small  piece  of  very  dry  wood  between  the 
balls  of  the  universal  discharger,  so  that  the  fibres  of  the  wood 
may  be  in  the  direction  [of  the  wires,  and  pass  the  charge  of  the 
battery  through  them ;  the  wood  will  be  torn  in  pieces.  The 
points  of  the  wires  being  run  into  the  wood,  and  the  shock  passed 
through  them,  will  effect  the  same  thing. 

Ex.  11.  Here  is  a  glass  tube,  open  at  both  ends,  six  inches 
long,  and  a  quarter  of  an  inch  in  diameter.    These  pieces  of  cork, 
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with  wires  in  them,  exactly  fit  the  ends  of  the  tube.  I  put  in 
one  cork,  and  iiil  the  tube  with  water,  then  put  the  other  cork  in, 
and  push  the  wire  so  that  they  nearly  touch,  and  pass  the  charge 
of  the  battery  through  them  ;  you  see  the  tube  is  broken,  and  the 
water  dispersed  in  every  direction.* 

(J.  If  water  is  a  good  conductor,  how  is  it  that  the  charge  did 
not  run  through  it  without  breaking  the  tube  ? 

T,  The  electric  action  converts  the  water  into  a  highly  elastic 
vapour,  which  occupying  very  suddenly  a  much  larger  space 
than  the  water,  bursts  the  tube  before  it  can  efiect  any  means  of 
escape. 

In  some  instances,  the  electric  fluid  decomposes  the  water, 
which  is  instantly  converted  into  two  elastic  gases,  that  occupy 
a  vast  deal  more  space  than  the  water  from  which  they  are  pro- 
duced. 


CONVERSATION  X. 

Of  the  Electric  Spark,  and  Miscellaneous  Experimertts, 

T.  I  wish  you  to  observe  some  facts  connected  with  the  electric 
spark.  By  means  of  the  wire  inserted  in  this  ball  I  ^  it  to  the 
end  of  the  conductor,  and  bring  either  another  brass  ball,  or  my 
knuckle  to  it,  and  if  the  machine  act  pretty  powerfully,  a  long, 
crooked,  brilliant  spark  will  pass  between  the  two  balls,  or  be- 
tween the  knuckle  and  ball. 

C,  Does  the  size  of  the  spark  depend  at  all  on  the  size  of  the 
conductor  ? 

T,  The  longest  and  largest  sparks  are  obtained  from  a  large 
conductor,  provided  the  machine  acts  very  powerfully.  Wheii 
the  quantity  of  electricity  is  small,  the  spark  is  straight ;  but 
when  it  is  strong,  and  capable  of  striking  at  a  greater  distance,  it 
assumes  what  is  called  a  zig-zag  direction. 

J.  If  the  electric  fluid  is  fire,  why  does  not  the  spark,  which 
excites  a  painful  sensation,  burn  me,  when  I  receive  it  on  my 
hand? 

T,  Ex.  1.  I  have  shown  you  that  the  charge  from  a  battery  "will 
make  iron  wire  red-hot,  and  inflame  gunpowder.  Now  stand  on 
the  stool  with  glass  legs,  and  hold  the  chain  from  the  conductor 
with  one  hand.  Do  you,  Charles,  hold  this  spoon,  which  con- 
tains some  spirit-of-wine,  to  your  brother,  while  I  turn  the 
machine,  and  a  spark  taken  from  his  knuckle,  if  large,  will  set  fire 
to  the  spirit. 

*  To  preFent  accidents,  a  wire  ci^e,  such  as  is  used  in  some  exp^iments  on  tbe 
air-pump,  ^ould  be  put  over  the  tube  before  the  discharge  is  made :  young  per- 
sons should  not  attempt  this  experiment  by  themselves. 
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C  It  has  indeed.    Did  you  do  nothing  with  the  spirit  ? 

T.  I  only  made  the  silver  spoon  pretty  warm  before  I  put  the 
spirit  into  it. 

Ex.  2.  If  a  ball  of  box-wood  be  placed  on  the  conductor  in- 
stead of  the  brass  ball,  a  spark  taken  irom  it  will  be  of  a  fine  red 
colour. 

Ex.  3.  An  ivory  ball  placed  on  the  conductor  will  be  rendered 
very  beautiful  and  luminous,  if  a  strong  spark  be  taken  through 
its  centre. 

Ex.  4.  Sparks  taken  over  a  piece  of  silver  leather  appear  of  a 
green  colour,  and  over  gilt  leather  of  a  red  colour. 

Ex.  5.  Here  is  a  glass  tube, 
round  which,  at  small  distances    a  j|jwgBw^. j4..„jwl-.j«...^mw^^}||[^i» 
from  each  other,  pieces  of  tin- 
foil are  pasted  in  a  spiral  form  Fig.  is. 
from  end  to  end:  this  tube  is  inclosed  in  a  larger  one,  fitted 
with  brass  caps  at  each  end,  which  are  connected  with  the  tin- 
foil of  the  inner  tube.     I  hold  one  end  a  in  my  hand,  and  while 
one  of  you  turn  the  machine.  I  will  present  the  other  end  b  to  the 
conductor,  to  take  sparks  from  it.     But  first  shut  the  window- 
shutters. 

C,  This  is  a  very  beautiful  experiment. 

T,  The  beauty  of  it  consists  in  the  distance  which  is  left  be- 
tween the  pieces  of  tinfoil ;  and,  by  increasing  the  number  of 
these  distances,  the  brilliancy  is  very  much  heightened. 

Ex.  6.  The  following  is  an- 
other experiment  of  the  same 
kind.  Here  is  a  word,  with 
which    you   are   acquainted,    "  pj    ^^^ 

made  on  glass,  by  means  of 
tinfoil  pasted  on  glass,  fixed  in  a  frame  of  baked  wood.  I  hold 
the  frame  in  my  hand  at  h,  and  present  the  ball  g  to  the  con- 
ductor, and  at  every  considerable  spark  the  word  is  beautifully 
illuminated. 

Ex.  7.  A  piece  of  sponge  filled  with  water,  and  hung  to  a 
conductor,  when  electrified  in  a  dark  room,  exhibits  a  beautiful 
appearance. 

Ex.  8.  This  bottle  is  charged :  if  I  bring  the  brass  knob  that 
stands  out  of  it  to  a  basin  of  water  which  is  insulated,  it  will 
attract  a  drop ;  and,  on  the  removal  of  the  bottle,  it  will  assume  a 
conical  shape,  and^  if  brought  near  any  conducting  substance,  it 
will  fiy  to  it  in  luminous  streams. 

Ex.  9.  Place  a  drop  of  water  on  the  conductor,  and  work  the 
machine ;  the  drop  \ml  afford  a  long  spark,  assume  a  conical 
figure,  and  carry  some  of  the  water  with  it. 


440  ELECTSIdTT. 

Ex.  10.  On  this  wire  I  have  fixed  a  piece  of  sealmgr-wax,  tod, 
having  fixed  the  wire  into  the  end  of  the  conductor,  I  will  ligbt 
the  wax,  and  the  moment  the  machine  is  worked,  the  wax  will  ^ 
off  in  the  finest  filaments  ima^nable. 

£x.  11.  I  will  vn'ap  some  cotton-wool  round  one  of  the  knobe 
of  my  discharging-rod,  and  fill  the  wool  with  finely  bruised  resin; 
I  now  discharge  a  Leyden  jar,  or  a  battery,  in  the  common  way, 
and  the  wool  is  instantly  in  a  blaze.  The  covered  knob  most 
touch  the  knob  of  the  jar,  and  the  discharge  should  be  effected  as 
quickly  as  possible. 

You  will  remember  that  the  electric  fluid  always  chooses  the 
road  presenting  least  resistance ;  in  proof  of  which  take  the  fol- 
lowing experiment ; — 

ur    m  Ex.  12.  With  this  chain  I  make  a  sort  of  w,  the 

\    A  ysf  wire  w  touches  the  outside  of  a  charged  jar,  and 

Y    Y       the  wire  x  is  brought  to  the  knob  of  the  jar,  and  in 

Z       the  dark  a  brilliant  w  is  visible.     But  if  the  wire  w 

^-  ^^*        is  continued  to  m,  the  electric  fluid  takes  a  shorter 

road  to  x,  and,  of  course,  only  half  the  w  is  seen,  viz.  that  part 

marked  m  z  y ;  but  if,  instead  of  the  wire  w  m,  a.  dry  stick  be 

laid  in  its  place,  the  electric  matter  will  prefer  a  longer  circuit, 

rather  than  go  through  a  bad  c*onductor,  and  the  whole  w  will  be 

illuminated. 

Ex.  13.  Here  is  a  two-ounce  phial,  half  full  of  salad-oil; 
through  the  cork  is  passed  a  piece  of  slender  wire,  the  end  of 
which,  within  the  phial,  is  so  bent  as  to  touch  the  glass  just 
below  the  surface  of  the  oil.  I  place  my  thumb  opposite  the 
point  of  the  wire  in  the  bottle,  and  in  that  position  take  a  spark 
from  the  charged  conductor.  You  observe  that  the  spark,  to  get 
to  my  thumb,  has  actually  perforated  the  glass.  In  the  same  way 
I  can  make  holes  all  round  the  phial. 

C,  Would  the  experiment  succeed  with  water  instead  of  oil  ? 

T.  No,  it  would  not. 

«7.  At  any  rate  we  see  the  course  of  the  electric  fluid  in  this 
experiment ;  for  the  spark  comes  from  the  conductor  down  to  the 
wire,  and  through  the  glass  to  the  thumb. 

T,  Its  direction  is,  however,  better  shown  in  this  way : — 

Ex.  14.  I  will  fix  a  pointed  wire  upon  the  prime  conductor, 
with  the  point  outward,  and  another  like  wire  upon  the  insulated 
rubber.  Shut  the  vrindow-shutter,  and  I  will  work  the  machine : 
now  observe  the  points  of  the  two  wires. 

J,  They  both  are  illuminated,  but  difierently.  The  point  on 
the  conductor  sends  out  a  sort  of  brush  of  fire,  but  that  on  the 
rubber  is  illuminated  with  a  star. 

T,  You  see,  then,  the  difference  between  the  positive  and 
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-  negative  electricity.    Their  appearances  are  sufficiently  distinct 
in  almost  every  experiment  which  can  be  made.     If  a  strong 

J)ositive  electric  stream  be  thrown  on  the  flat  side  of  an  uninsu- 
ated  sheet  of  paper,  it  will  form  a  star  ;  but  negative  electricity, 
under  the  same  circumstances,  throws  out  brushes. 
C.  Does  the  spark  exist  for  any  measurable  time  ? 
T,  No:  and  this  is  readily  proved.  You  see  this  piece  of 
apparatus,  which  is  nothing  more  than  a  large  white  disc,  having 
a  horse  or  other  device  painted  on  it,  and  fitted  to  a  contrivance 
for  giving  it  rapid  rotation.  I  will  now  turn  it  very  quickly, 
while  the  room  is  lighted  by  candles,  and  the  horse  is  entirely 
lost ;  all  you  see  is  a  darkish  disc :  I  will  now  remove  the  candles, 
and  ^ive  it  a  momentary  light  by  a  flash  from  a  pistol :  the  horse 
is  stifl  invisible.  But,  what  occurs  now,  when  1  illumine  it  with 
electric  sparks  ? 

C.  Why,  you  have  left  ofl" rotating  it;  it  is  quite  still. 
T,  You  are  mistaken;  it  revolved  as  fast  as  ever:   but  the 
electric  spark  existed  for  so  short  a  time,  that  the  disc  would  not 
move  over  any  sensible  space  in  that  time,  and  consequently  it 
appeared  perfectly  still. 


CONVERSATION  XI. 

Miscellaneous  Experiments — Of  the  Electrophonis — Of  the 
Electrometer,  and  the  Thunder  House, 

T,  I  shall  proceed  this  morning  with  some  other  experiments 
on  the  electri^  machine. 

Ex.  1.  Here  are  two  wires,  one  of  which  is  connected  with 
the  outside  of  this  charged  Leyden  jar,  the  other  is  so  bent  as 
easily  to  touch  the  knob  of  the  jar.  The  two  straight  ends  I 
bring  within  the  distance  of  the  tenth  of  an  inch  of  one  another, 
and  press  them  down  with  my  thumb,  and  in  this  position,  having 
darkened  the  room,  I  discharge  the  jar.  Do  you  look  upon  my 
thumb. 

0.  It  was  so  transparent  that  I  think  I  even  saw  the  bone  of 
the  thumb.    But  did  it  not  hurt  you  very  much  ? 

T,  With  attention,  you  might  observe  the  principal  blood- 
vessels, I  believe ;  and  the  only  inconvenience  that  1  felt  was 
a  sort  of  tremor  in  my  thumb,  which  is  by  no  means  painful. 
Had  the  wires  been  at  double  the  distance,  the  shock  would 
have  probably  made  my  thumb  the  circuit,  which  must  have 
caused  a  more  powerful  and  unpleasant  sensation;  but,  being 
so  close,  the  electric  fluid  leaped  from  one  wire  to  the  other, 
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and  during  this  passage  it  illuminated  my  thumb,  but  did  not  go 
through  it. 

Ex.  2.  If,  instead  of  my  thumb,  a  decanter  full  of  wato, 
having  a  flat  bottom,  were  placed  on  the  wires,  and  the  dis- 
charge made,  the  whole  of  the  water  will  be  beautifiilly  illu- 
minated. 

Ex.  3.  This  small  pewter  bucket  is  full  of  water,  and  I 
suspend  it  from  the  prime  conductor,  and  put  in  a  glass  syphon, 
with  a  bore  so  narrow  that  the  water  will  hardly  drop  out.  See 
what  will  happen  when  I  work  the  machine ;  but  first  midce  the 
room  dark. 

(7.  It  runs  now  in  a  full  stream,  or  rather  in  several  streams,  all 
of  which  are  illuminated. 

1\  Ex.  4.  If  the  knob  a  communicate  with  the  out- 


Fig.  16.  the  flame  will  spread  towards  each,  and  a  discharge 
will  be  made  through  it :  this  shows  the  conducting  power  of 
flame. 

This  instrument,  which  consists  of  two  circular  plates, 
of  which  the  largest  b  is  about  fifteen  inches  in  diameter, 
and  the  other  a  fourteen  inches,  is  called  an  dectro- 
Fig  17.  P^^^'  l'^®  under  plate  b  is  made  of  glass,  or  sealing- 
wax,  or  of  any  other  non-conducting  substance :  I  have 
made  one  with  a  mixture  of  pitch  and  chalk  boiled  together, 
which  answers  very  well ;  or  of  resin,  poured  into  a  tin  dish. 
The  upper  plate  a  is  sometimes  made  of  brass  and  sometimes  of 
tin  plate,  but  this  is  of  wood  covered  very  neatly  with  tinfoil :  x 
is  a  glass  handle  fixed  to  a  socket,  by  which  the  upper  plate  is 
removed  from  the  under  one. 

C  What  do  you  mean  by  an  electrophorus  ? 

T,  It  is,  in  fact,  a  sort  of  simple  electrical  machine,  and  is 
thus  used.  Rub  the  lower  plate  s  with  a  fine  piece  of  new 
flannel,  or  with  rabbit's,  or  hare's,  or  cat's  skin ;  and  when  it  is  well 
excited,  place  upon  it  the  upper  plate  a,  and  put  your  finger  on 
the  upper  plate :  thai  remove  this  plate  by  the  glass  handle  a:, 
and,  if  you  apply  it  to  the  knob  of  a  coated  jar,  you  will  obtain  a 
spark.  This  operation  may  be  repeated  many  times,  without 
exciting  again  the  under  plate. 

J.  Can  you  charge  a  Leyden  jar  in  this  way  ? 

T,  Yes,  it  has  been  done,  and  by  a  single  excitation,  so  as  to 
pierce  a  hole  through  a  card  by  means  of  £e  jar  thus  charged. 

Here  is  another  kind  of  electrometer,  .which  may  be  made 
exceedingly  accurate ;  that  is,  it  b  capable  of  discovering  the 


INDUCTION.  ,  443 

smallest  quantities  of  electricity,     a  is  a  glass  jar,  b  the  cover 
of  metal,  to  which  are  attached  two  pieces  of  gold-leaf 
X,  or  two  pith  balls  suspended  on  threads :  on  the  sides 
of  the  glass  jar  are  two  narrow  strips  of  tinfoil,  z  z. 

C.  How  is  this  instrument  used  ? 

T,  Anything  that  is  electrified  is  to  be  brought  to 
the  cover,  which  will  cause  the  piece  of  gold-leaf,  or  pith 
balls,  to  diverge ;  and  the  sensibility  of  this  instrument 
is  so  great,  that  the  brush  of  a  feather,  the  throwing 
of  chalk,  hair-powder,  or  dust,  against  the  cap  b  evinces  ^'  ^  ' 
strong  signs  of  electricity. 

Ex.  5.  Place  on  the  cap  b  a  little  cup  of  pewter,  or  any  other 
metal,  having  some  water  in  it :  then  take  from  the  fire  a  live 
cinder,  and  put  it  in  the  cup,  and  the  electricity  thus  liberated  is 
very  admirably  exhibited. 

A  thunder-cloud  passing  over  this  instrument  will  cause  the 
slips  of  gold-kaf  to  diverge  and  strike  the  sides  at  every  flash  of 
lightning. 

Ex.  6.  I  will  excite  this  stick  of  sealing-wax,  and  bring  it  to 
the  cover  b  :  you  see  how  often  it  causes  the  gold-leaf  to  stnke 
against  the  sides  of  the  glass. 

J.  Are  the  slips  of  tinfoil  intended  to  carry  away  the  electric 
fluid  communicated  by  the  objects  presented  to  the  cup  b  ? 

T,  They  are ;  and  by  them  the  equilibrium  is  restored. 


CONVERSATION  XII. 
On  Induction. 

T,  1  must  now  say  a  few  words  to  you  upon  a  property  of 
electricity  termed  inductwn^  upon  which  all  the  other  properties 
depend. 

C,  I  thought  all  its  eflects  originated  in  its  attraction  for 
matter. 

T,  No ;  this  is  not  going  to  the  foundation :  for  its  attraction 
for  matter  depends  on  induction.  Turn  this  machine,  while  I 
hold  this  light  pith  ball  near  to  it:  you  see  it  b  very  violently 
attracted.  But  we  will  now  take  some  heavier  substance,  which 
will  be  more  quiet,  and  permit  us  to  examine  its  condition. 
Here  is  a  large  brass  ball,  which  we  will  suspend  by  a  silk  thread 
from  the  ceiling,  near  the  conductor.  I  will  now  turn  the 
machine,  and  you  may  apply  your  knuckle  to  the  further  side  of 
the  brass  ball. 
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C.  Why,  I  have  obtained  a  spark,  and  yet  no  electricity  passed 
from  the  machine  to  the  ball. 

T,  True :  now  take  the  silk  thread,  and  carry  the  ball  care- 
fully away  from  the  machine,  and  touch  it  again. 

G,  I  obtain  another  spark. 

T.  If  you  will  now  again  suspend  the  ball  near  the  machine, 
and  then  remove  it  without  having  previously  touched  it,  you  vill 
not  obtain  a  spark. 

C.  No,  I  do  not ;  so  that  there  appears  to  be  some  relation 
between  the  two  sparks :  but  what  most  puzzles  me,  is  how  the 
ball  is  able  to  give  these  sparks,  seeing  that  in  neither  case  is  any 
electricity  imparted  to  it. 

2\  The  effect  you  here  observe  is  a  capital  illustration  of  in- 
duction. When  any  body,  no  matter  how  large,  or  how  small, 
is  charged,  whether  much  or  little,  with  electricity,  it  disturbs 
the  natural  electricity  of  all  the  bodies  about  it ;  and  when  these 
bodies  are  conductors,  and  the  electricity  therefore  is  free  to 
move,  it  recedes  to  the  side  of  the  body  most  distant  from  the 
cause  of  disturbance.  So  that,  in  point  of  fact,  our  brass  ball 
becomes  positively  electrified  on  its  more  distant  side  ;  and,  con- 
sequently, negatively  on  its  nearer  side.  So  that,  when  you 
touched  it,  the  positive  electricity  escaped;  and  when  you  after- 
wards moved  it  away  from  the  exciting  cause,  it  was  negatively 
charged,  for  you  had  taken  some  of  its  electricity  away,  and  on 
then  touching  it,  you  restored  it  to  its  natural  state  by  giving  it 
back  the  electricity  which  it  required. 

O,  This  seems  very  extraordinary. 

T,  A  still  more  conclusive  illustration  is  obtained  by  placing 
three  insulated  balls  a  b  c  in  contact  with  each  other,  and  facing 
the  end  of  the  prime  conductor,  a  being  the  nearest. 

While  the  prime  conductor  is  charged  by  the  rotation  of  the 
machme,  a  will  be  negative,  b  neutral,  and  c  positive.  If  the 
machine  is  stopped  and  the  conductor  discharged,  the  balls  will 
return  to  their  natural  state,  the  positive  charge  at  c  returning 
by  B  to  A.  But,  if  while  the  conductor  is  charged  the  ball  b  is 
removed,  and  the  conductor  then  discharged,  the  ball  c  will  be 
found  to  have  retained  the  positive  charge,  and  a  to  have  retained 
the  negative ;  the  means  of  neutralization  having  been  cut  off  by 
the  removal  of  the  intermediate  ball. 

J,  You  said  that  all  electrical  phenomena  were  due  to  induc- 
tion ;  I  cannot  see  how  this  applies  to  the  Leyden  jar ;  for  there 
you  actually  give  electricity. 

T,  True :  but  I  can  soon  show  you  that  I  caimot  give  it  elec- 
tricity, unless  I  allow  induction  to  play  its  proper  part.  Place 
the  jar  on  the  insulating  stool,  and  then  charge  it. 
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J.  I  have  turned  for  some  time,  but  I  scarcely  obtain  any 
charge. 

T,  No : .  but  now  repeat  the  experiment,  and  at  the  same  time 
hold  the  knob  of  another  jar  to  the  outer  coating  of  the  former. 

0.  Look,  James,  look  ;  the  sparks  now  enter  the  first  jar,  and 
actually  pass  through  the  glass,  and  fly  off  and  enter  the  second. 

jT.  Not  so ;  for  if  you  examine  the  first  jar,  you  will  find  it 
very  highly  charged.  The  fact  is,  when  you  send  a  charge  to 
the  inner  side  of  the  jar,  it  disturbs  the  equilibrium  of  the  outer 
side,  and  unless  an  escape  is  provided  for  the  electricity  thus 
elicited,  further  charge  cannot  be  added  to  the  interior ;  so  that, 
in  point  of  fact,  you  must  allow  about  as  much  electricity  to 
escape  from  the  outer  side  as  you  add  to  the  inner.  Again : 
although  the  jar  is  very  highly  charged,  you  may  take  hold  of  the 
knob  with  impunity,  so  long  as  it  stands  on  the  insulating  stool, 
for  the  charge  cannot  leave  the  inner  coating  until  the  outer  coat- 
ing is  enabled  to  regain  what  it  had  lost. 

(7.  But  I  cannot  comprehend  how  this  induction  can  occur  to  a 
thing  so  far  removed  from  the  inducing  cause  as  was  the  brass  ball 
in  our  late  experiment. 

T,  Dr.  Faraday,  by  dint  of  very  patient  investigation,  has 
proved  that  the  power  is  transmitted  from  particle  to  particle 
along  the  air  that  intervenes.  Each  particle  of  air  or  glass,  as 
the  case  may  be,  becomes  polarized,  just  as  did  the  brass  ball ; 
but  the  brass  ball  being  a  conductor,  that  is,  having  the  power 
to  allow  of  a  free  movement  of  the  electricity,  the  force  is  then 
manifested. 

C7.  I  should  like  to  have  some  other  illustration  of  this  curious 
property. 

T.  Hold  this  small  Leyden  jar  in  your  hand,  and  apply  the 
knob  to  the  prime  conductor,  until  it  is  charged.  Now  take  the 
other  small  jar  by  the  knob  and  apply  the  coating  to  the  prime 
conductor.  By  this  means  you  obtain  two  jars,  one  positively 
charged,  the  other  negatively.  Now  take  one  in  each  hand,  and 
touch  the  two  knobs  together. 

C,  I  know  what  will  happen :  the  charges  will  neutralize  each 
other ;  for,  as  one  has  more  than  his  share,  and  the  other  less, . 
the  charge  of  the  former  will  flow  into  the  latter.     Oh !  oh !  wliat 
a  shock  it  gave  me ;  how  was  this  ?     I  did  not  touch  anything 
besides  the  outer  coatings. 

T,  No:  but  you  had  forgotten  that,  as  you  charged  them, 
induction  had  been  necessary  and  had  operated,  so  that,  while 
the  inner  coatings  were  respectively  positive  and  negative,  the 
outer  were  negative  and  positive,  and  the  two  former  could  not 
be  neutralized,  unless  the  two  latter  were  also;   and  this  was 
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brought  about  by  the  intervention  of  your  body,  and  yon  felt 
the  effect.  But  if  jon  had  placed  these  two  jars  on  insulatiB; 
stands,  and  had  joined  their  knobs  by  a  wire,  jou  eould  not 
discharge  them  so  long  as  their  outer  coatings  remained  uiiooo- 
nected. 

C.  Does  induction  occur  equally  well  through  air  and  throogii 
glass  ? 

T.  The  specific  inductive  capacity  of  bodies  is  various.  If  tJurt 
of  air  be  represented  by  1,  the  following  list  will  show  the  rehtife 
inductive  capacities  of  certain  bodies : — 


Air       - 

-    1-00 

Glass 

-    1-90 

Resin    - 

-    1-77 

Brimstone 

-    1-93 

Pitch    - 

-    1-80 

Gum-lac  - 

-    1-95 

Bees'-wax 

-    1-86 

CONVERSATION  XIH. 

Of  Atmospherical  Electricity » 

C.  You  said  that  the  electrometer  was  affected  by  thunder  and 
llghtnin? :  are  lightning  and  electricity  the  same  ? 

T,  They  are ;  the  demonstration  of  this  is  due  to  Dr.  Fraibklin. 

J.  How  did  he  ascertain  this  fact  ? 

T.  He  was  led  to  the  theory  from  observing  the  power  which 
uninsulated  points  have  in  drawing  off  the  electricity  from  bodies; 
and  having  formed  his  system,  he  was  waiting  for  the  erection  of 
a  spire,  in  Philadelphia,  to  carry  his  views  into  execution,  when 
it  occurred  to  him  that  a  boy's  kite  would  answer  his  purpose 
better  than  a  spire.  He  therefore  prepared  a  kite,  and  having: 
raised  it,  he  tied  to  the  end  of  the  string  a  silken  cord,  by  which 
the  kite  was  completely  insulated.  At  the  junction  of  the  two 
strings  he  fastened  a  key  as  a  good  conductor,  in  order  to  takt 
sparks  from  it. 

C,  Did  he  obtain  any  sparks  ? 

T.  One  cloud,  which  appeared  like  a  thunder-cloud,  passed 
without  any  effect ;  shortly  after,  the  loose  threads  of  the  hempen 
string  stood  erect,  in  the  same  manner  as  they  would  if  the 
string  had  been  hung  on  an  electrified  insulated  conductor.  He 
then  presented  his  knuckle  to  the  key,  and  obtained  an  evident 
spark.  Others  succeeded  before  the  string  was  wet,  but  when 
the  rain  had  wetted  the  string,  he  collected  the  electricity  very 
plentifully. 

C.  Could  I  do  so  with  our  large  kite  ? 

T,  I  hope  you  will  not  try  to  raise  your  kite  during  a  thunder- 
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storm ;  because,  without  very  great  care,  it  may  be  attended  with 
tlie  most  serious  danger.  Professor  Richmann,  of  St.  Petersburg, 
was  struck  dead,  in  attempting  to  draw  lightning  from  the  clouds. 
Your  kite  is  quite  large  enough  for  a  cautious  experiment,  being 
four  feet  high,  and  two  feet  wide.  Everything  depends  on  the 
string,  which,  according  to  Cavallo,  who  has  made  many  experi- 
ments on  the  subject,  should  be  made  of  two  thin  threads  of 
twine,  twisted  with  a  copper  thread.  And  to  Mr.  Cavallo's  work 
on  electricity,  vol.  ii.,  such  persons  as  are  desirous  of  raising  kites, 
for  electrical  purposes,  should  be  referred,  in  which  they  will  find 
ample  instruction. 

C.  How  do  the  conductors  which  I  have  seen  fixed  to  various 
buildings  act  in  dispersing  lightning  ? 

T.  You  know  how  easy  it  is  to  charge  a  Leyden  jar ;  but  if, 
when  the  machine  is  at  work,  a  person  hold  a  point  of  steel,  or 
other  metal  near  the  conductor,  the  greater  part  of  the  fluid  will 
run  away  by  that  point  instead  of  proceeding  to  the  jar.  .  Hence 
it  was  concluded,  that  pointed  rods  would  silently  draw  away  the 
lightning  from  clouds  passing  over  any  building. 

J.  Is  there  not  a  particular  method  of  fixing  them  ? 

T,  Yes :  the  metallic  rod  must  reach  from  the  ground,  or  the 
nearest  piece  of  water,  to  a  foot  or  two  above  the  building  it  is 
intended  to  protect ;  its  upper  termination  is  generally  made  of 
platinum,  a  metal  that  is  not  liable  to  rust.  Large  masses  of 
metal,  such  as  church  bells,  lead  roofs,  &c.,  are  connected  with 
the  conductor  by  slips  of  metal,  to  prevent  the  flashes  from  flying 
ofl  to  these  bodies  and  doing  mischief.  The  point  is  partially 
useful  in  occasionally  abstracting  some  of  the  charge  from  the 
cloud ;  but  the  main  use  of  the  conductor  is  to  receive  the 
flash  itself,  in  case  it  occurs,  and  convey  it  away  safely  to  the 
ground. 

C.  What  eflects  would  be  produced  if  iightaing  diould  strike  a 
building  without  a  conductor  ? 

T.  That  may  be  best  explained  by  informing  you  of  what 
happened,  many  years  ago,  to  St.  Bride's  church.  The  lightnmg 
first  struck  the  weathercock  ;  from  thence,  descending-  in  its  pro- 
gress, it  beat  out  a  number  of  large  stones  of  different  heights, 
some  of  which  fell  upon  the  roof  of  the  church,  and  did  great 
damage  to  it.  The  mischief  done  to  the  steeple  was  so  consider- 
able, that  eighty-five  feet  were  obliged  to  be  taken  down. 

J,  The  weathercock  was  probably  made  of  iron ;  why  did  not 
that  act  as  a  conductor  ? 

T,  Though  that  was  made  of  iron,  yet  it  was  completely  insu- 
lated by  being  fixed  in  stone,  which  had  become  dry  by  much  hot 
and  dry  weather.    When,   therefore,  the  lightning  had  taken 
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possession  of  the  weathercock,  by  endeavouring  to  force  its  waf 
to  another  conductor,  it  beat  down  whatever  stood  in  its  way. 
C  The  power  of  lightning  must  be  very  great. 
T.    It  is  irresistible  in  its  effects ;  the  following  experiment 
will  illustrate  what  I  have  been  saying : — 

£x.  1.  A  is  a  board  representing  the  gable  end  of  a  house.  It 
is  fixed  on  another  board  b  ;  a  ^  c  c^  is  a  square 
hole,  to  which  a  piece  of  wood  is  fitted  ;  a  d  repre 
scnts  a  wire  fixed  diagonally  on  the  wood  ahcd; 
X  h,  terminated  by  the  knob  x,  represents  a  wea* 
thercock,  and  the  wire  c  2  is  fixed  to  the  board  a. 
It  is  evident  that,  in  the  state  in  which  it  is 
drawn  in  the  figure,  there  is  an  interruption  in  the 

conducting-rod ;  accordingly,  if  the  chain  m  is  coo- 

Fiff  19  ^  nected  with  the  outside  of  a  Leyden  phial,  and  then 
that  phial  is  discharged  through  cc,  by  bringing  ooe 
part  of  the  discharging-rod  to  the  knob  of  the  Leyaen  phial,  and 
the  other  to  within  an  inch  or  two  of  x,  the  piece  of  wood  ahci 
will  be  thrown  out  with  violence. 

J.  Are  we  to  understand  by  this  experiment,  that  if  the  vpire 
X  b  had  been  continued  to  the  chain,  the  electric  fluid  would  have 
run  through  it  without  disturbing  the  loose  board  ? 

T.  Ex.  2.  Just  so ;  for  if  the  piece  of  wood  be  taken  o«t,  and 
the  part  a  be  put  to  the  place,  h  d  will  come  to  c,  and  the  con- 
ducting-rod will  be  complete,  and  continued  from  x  through  6  c  to 
z,  and  now  the  phial  may  be  discharged  as  often  as  you  please, 
but  the  wood  will  remain  in  its  place  because  the  electric  fluid 
runs  through  the  wire  to  z,  and  makes  its  way  by  the  chain  to  the 
outside  of  the  phial. 

C,  Then,  if  2;  be  supposed  the  weathercock  of  the  church,  the 
lightning  having  overcharged  this,  by  its  endeavours  to  reach 
another  conductor,  as  c  z,  forced  away  the  stone  or  stones  repre- 
sented by  abed, 

T.  That  is  what  I  meant  to  convey  to  your  minds  by  the  first 
experiment ;  and  the  second  shows  very  clearly,  that  if  an  iron 
rod  had  gone  from  the  weathercock  to  the  ground  without  inter- 
ruption,  it  would  have  conducted  away  the  electricity  silendy, 
and  without  doing  any  injury  to  the  church. 

J.  How  was  it  that  all  the  stones  were  not  beaten  down  ? 
T,  Because  in  its  passage  downwards,  it  met  with  many  other 
conductors.     I  will  read  part  of  what  Dr.  Watson  says  on  this 
fact,  who  examined  it  very  attentively : 

"The  lightning,"  says  he,  "first  took  a  weathercock,  which 
was  fixed  at  the  top  of  the  steeple,  and  was  conducted  without 
injuring  the  metal  or  anything  e^se  as  low  as  where  the  large  iron 
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bar,  or  spindle,  which  supported  it,  terminated.  There  the 
metallic  communication  ceasing,  part  of  the  lightning  exploded, 
cracked,  and  shattered  the  obelisk  which  terminated  the  spire  of 
the  steeple,  in  its  whole  diameter,  and  threw  off,  at  that  place, 
several  large  pieces  of  Portland  stone.  Here  it  likewise  removed 
a  stone  from  its  place,  but  not  far  enough  to  be  thrown  down. 
From  thence  the  lightning  seemed  to  have  rushed  upon  two  hori- 
zontal iron  bars,  which  were  placed  within  the  building  across 
each  other.  At  the  end  of  one  of  these  iron  bars  it  exploded 
again,  and  threw  off  a  considerable  quantity  of  stone.  Almost  all 
the  damage  was  done  where  the  ends  of  the  iron  bars  had  been 
inserted  into  the  stone,  or  placed  under  it :  and,  in  some  places, 
its  passage  might  be  traced  from  one  iron  bar  to  another.** 

Electricity  manifests  itself  more  frequently  without  storms  than 
with  them ;  it  is  produced  oftener  by  dry  than  hv  rainy  clouds  ; 
it  is  more  frequently  positive  than  negative.  The  atmosphere 
exhibits  signs  of  electricity  at  all  times,  by  night  and  by  day,  of 
which  I  shall  present  you  some  instances  in  our  next  Conversation. 


CONVERSATION  XIV. 

On  Atmospheric  Eledrtcity — 0/  the  Aurora  Borealis — Of    • 
Water-spouts  and  Whirlwinds, 

C,  Does  the  air  always  contain  electricity  ? 

T,  Yes ;  and  this  electricity  is  in  a  constant  state  of  fluctuation ; 
sometimes  it  is  of  one  character,  sometimes  of  the  other ;  now,  it 
is  very  feeble,  and  now  is  very  violent. 

J,  Is  the  electrical  state  of  the  atmosphere  the  same  at  all 
heights  P 

T,  No  t  if  you  take  a  gold  electroscope  terminated  with  a  ball 
instead  of  a  point,  and  having  first  touched  it,  so  that  it  shall  be 
free  of  electncity,  and  now  present  it  to  the  open  sky,  all  will  be 
still.  But  if  you  now  stand  with  it  on  a  chair,  or  carry  it  a  few 
steps  up  a  ladder,  you  will  observe  the  gold  leaves  diverge ;  if 
^ou  now  come  down  with  it  again  the  gold  leaves  fall  back ;  but, 
if  you  descend  below  your  original  level,  they  agam  open.  The 
neutral  point  is  in  all  cases  the  place  where  you  began  the  experi- 
ment. 

C,  I  suppose  this  is  a  case  of  induction,  not  a  case  of  charge  ? 

T.  Exactly  so ;  and  you  will  find  that  the  divergence,  or  going 
upward,  was  with  positive  electricity ;  and  that  on  going  down- 
ward was  ^ith  negative, 

J,  Charles,  run  and  fetch  my  large  stick  of  sealing-wax ;  w^ 
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will  soon  find  this  out.  Thank  you ;  now,  get  the  steps  and  place 
them  on  the  lawn,  and  then  go  up  half  way  with  the  electrometer, 
and  see  that  the  leaves  are  still.  That^  right :  now  go  upio 
the  top ;  good,  the  leaves  diverge ;  keep  still,  until  I  have  rubbed 
the  wax  on  my  coat-sleeve,  which,  of  course,  charges  it  negi* 
tively.    Take  it  from  me,  and  hold  it  near  the  ball ;  what  happens? 

C.  The  leaves  close  again ;  and,  therefore,  they  must  btre 
been  separated  by  positive  electricity ;  on  removing  tne  wax,  tbej 
open  again.  I  will  now  come  down  to  my  former  position,  wben 
they  collapse,  and  on  coming  down  quite  to  the  ground,  tfacf 
open  again. 

J.  And  now,  when  I  bring  the  wax  near,  they  open  more 
widely,  showing  that  they  were  under  the  influence  of  n^adve 
electricity. 

T,  You  may  vary  this  experiment ;  which,  while  I  think  of  it, 
I  ought  to  tell  you  is  due  to  a  French  lover  of  science,  M.  Peltier. 
Go  half  way  up  the  steps,  as  before,  and  see  that  the  leaves  are 
closed :  now,  mount  to  the  top.  Of  course,  they  open :  touch 
them,  and  they  will  close;  and  if  you  now  come  down  toyoor 
original  position,  they  will  open,  just  as  they  did  in  the  former 
experiment,  when  you  descendeid  below  your  original  position. 
All  these  effects  are  due  to  the  positive  electricity  of  space. 

C  What  do  you  mean  by  the  positive  electricity  of  space  ? 

T,  M.  Peltier  taught  that  the  earth  is  in  the  condition  of  a 
large  body  surcharged  with  negative  electricity,  and  that  space 
was  ^ess  negative  than  the  earth,  and  therefore  positive  hfxxm- 
parison.  All  the  vapours  that  arise  from  the  earth  partake  of 
the  same  negative  nature  as  the  earth  whence  they  proceed  ;  and 
by  the  various  actions  and  reactions  of  these,  he  traced  a  host  of 
changes  in  electrical  tension,  &c.,  but  these  are  too  complex  for 
us  to  enter  into  now. 

C  But  the  experiment  you  just  gave  us,  did  not  enable  tis  tp 
collect  any  electricity ;  for  the  divergence  we  obtained  was  onlj 
a  case  of  induction,  which  ceased  as  soon  as  the  inducing  cause 
was  removed.  Are  there  no  means  of  collecting  small  quantities 
of  electricity  from  the  atmosphere  ? 

T.  Oh,  yes,  several.  If  tne  electrometer,  in  the  above  experi- 
ment, had  been  furnished  with  a  point,  instead  of  a  ball,  the 
leaves  would  have  diverged,  as  before,  on  ascending  with  it;  but 
they  would  not  collapse  on  descending,  for  the  point  would  have 
permitted  a  charge  to  pass  in,  and  the  instrument  when  brought 
to  its  original  level  would  have  been  charged. 

(7.  Is  this  the  mode  employed  at  electrical  observatories  ? 

T,  No ;  at  Kew  there  is  a  very  famous  apparatus,  under  the 
direction  of  Mr.  Ronalds.    A  brass  rod  rises  from  a  glass  leg 
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placed  on  a  table,  and  kept  carefully  dry  by  means  of  a  lamp 
constantly  burning.  A  lighted  lamp  is  hoisted  to  the  top  of  the 
rod,  the  flame  of  which  is  an  excellent  collector  of  electricity ; 
and  the  rod  conducts  what  is  collected  to  proper  instruments 
placed  on  the  table  beneath.  The  late  Mr.  Weekes,  of  Sand- 
wich, and  Mr.  Crosde,  of  Broomfield,  had  long  lengths  of  wire 
suspended  in  the  air,  by  means  of  which  very  large  quantities  of 
electricity  were  collected.  In  all  these  cases,  lightning  con- 
ductors were  attached,  which  came  into  operation  in  case  of 
accident. 

J,  Since  lofty  objects  are  exposed  to  the  effects  of  lightning, 
or  the  electric  fluid,  do  not  the  tall  masts  of  ships  run  consider- 
able risk  of  being  struck  by  it  ? 

T,  Certainly :  we  have  many  instances  on  record  of  the  mis- 
chief done  to  ships ;  one  of  which  is  related  in  the  **  Philosophical 
Transactions :''  it  happened  on  board  the  Montague,  on  the  4th 
of  November,  1748,  m  latitude  42^  48',  and  9°  3'  west  longitude, 
about  noon.  One  of  the  quartermasters  desired  the  master  of 
the  vessel  to  look  to  the  windward,  when  he  observed  a  large 
ball  of  blue  fire  rolling  apparently  on  the  surface  of  the  water, 
at  the  distance  of  three  miles  from  them.  It  rose  almost  perpen- 
dicular, when  it  was  within  forty  or  fifty  yards  from  the  main- 
chains  of  the  ship ;  it  then  went  off  with  an  explosion,  as  if  a 
hundred  cannons  nad  been  fired  at  one  time,  and  left  so  strong  a 
smell  of  sulphur,  that  the  ship  seemed  to  contain  nothing  else. 
After  the  noise  had  subsided,  the  main  topmast  was  found 
shattered  to  pieces,  and  the  mast  itself  was  rent  quite  down  to 
the  keel.  Five  men  were  knocked  down,  and  one  of  them 
greatly  burnt  by  the  explosion. 

G,  Did  it  not  seem  to  be  a  very  large  ball,  to  have  produced 
such  effects  ? 

T.  Yes :  the  person  who  noticed  it  said  it  was  as  big  as  a  mill- 
stone. 

C  Are  no  means  adopted  for  protecting  ships  ? 

T,  Yes:  the  plan  adopted  by  Her  Majesty's  government, 
which  is  decidedly  the  best  plan,  was  proposed  by  Sir  W.  Snow 
Harris.  Wide  and  thick  slips  of  sheet  copper  are  let  into  the 
wood  of  the  masts,  and  other  similar  parts  of.  the  ship,  and  are 
kept  in  sound  metallic  connexion  as  far  as  the  copper  sheathing 
of  the  vessel;  they  are  connected  with  this  by  bolts,  passing 
through  the  bottom  of  the  ship.  The  best  proof  of  the  security 
of  this  plan  is,  that  no  ship  thus  fitted  up  has  been  damaged  by 
lightning. 

G,  What  is  the  aurora  horealis  f 

T.  The  aurora  borealia  is  another  electrical  phenomenon :  this 
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8  admitted  without  any  hesitation,  because  electriciaiis  can  retdilj 
imitate  the  appearance  with  their  experiments. 

J.  It  must  be,  I  should  think,  on  a  very  small  scale. 

T,  True ;  there  is  a  glass  tube  about  thirty  inches  long,  and 
the  diameter  of  it  is  about  two  inches :  it  b  nearly  exhausted  of 
air,  and  capped  on  both  ends  with  brass.  I  now  connect  these 
ends,  by  means  of  a  chain,  with  the  po^tive  and  n^ative  pert 
of  a  machine ;  and  in  a  darkened  room  yoa  will  see,  when  die 
machine  is  worked,  all  the  appearances  of  the  northern  lights  in 
the  tube. 

C,  Why  is  it  necessary  nearly  to  exhaust  the  tube  ? 

T,  Because  the  air,  in  its  natural  state,  is  a  very  bad  conductor 
of  the  electric  fluid ;  but  when  it  is,  perhaps,  rendered  some 
hundred  times  rarer  than  it  usually  is,  the  electric  fluid  darts  from 
one  cap  to  the  other  with  the  greatest  ease.    , 

J,  But  we  see  the  aurora  borealis  in  the  common  air. 

T,  We  do  so ;  it  is,  however,  in  the  higher  regions  of  the  atmo- 
sphere, probably  70  or  80  miles  high,  where  the  air  is  mvch 
rarer  than  it  is  near  the  surface  of  the  earth.  The  experimeDt 
which  you  have  just  seen  accounts  for  the  darting  and  undu- 
lating motion  which  takes  place  between  the  opposite  parts  of  the 
heavens.  The  aurora  borealis  is  the  most  beautiful  and  brilliant 
in  countries  in  the  high  northern  latitudes,  as  in  Greenland  and 
Iceland. 

The  aurora  borealis  that  was  seen  in  this  country  on  the  2Sni 
of  October,  in  the  year  1804,  is  deserving  of  notice.  At  seven 
in  the  evening,  a  luminous  arch  was  seen  from  the  centre  of 
London  extending  from  one  point  of  the  horizon,  about  SJS.W.  to 
another  point  N.N.W.,  and  passing  the  middle  of  the  constd- 
lation  of  the  Great  Bear,  which  it,  in  a  great  measure,  obscured. 
It  appeared  to  consist  of  shining  vapour,  and  to  roll  irom  the 
soutn  to  the  north.  In  about  half  an  nour  its  course  was  changed ; 
it  then  became  vertical,  and  about  nine  o'clock  it  extended  acrott 
the  heavens,  from  N.£.  to  S.W. ;  at  intervals  the  continiuty  of 
the  luminous  farch  was  broken,  and  there  then  darted  ftom  its 
south-west  quarters,  towards  the  zenith,  strong  flashes  and  streaks 
of  bright  red,  similar  to  what  appears  in  the  atmosphere  durmg 
a  great  fire  in  any  part  of  the  metropolis.  For  scTetal  hoars 
the  atmosphere  was  as  light  in  the  sout)fc*west  as  if  the  sojo  had 
set  but  half  an  hour ;  and  the  light  in  the  north  resembled  the 
strong  twilight  which  marks  that  part  of  the  horison  at  Ifid- 
summer. 

C,  I  have  heard  that  the  needles  of  the  electric  telegraph  are 
afiected  during  the  times  of  aurora  borealis. 

T,  Yes ;  and  so  are  also  the  standard  magnetic  bars  in  obM^ 
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vatories :  which  two  simultaneous  effects  point  out  remarkable 
relations  between  the  changes  in  the  natural  magnetic  Ibrce  of 
the  earth,  and  natural  electric  currents.  From  the  effect  on  the 
magnetic  needle,  these  phenomena  are  oflen  called  *^  Magnetic 
Storms."  Andy  when  telegraph  needles  are  thus  disturbed,  it 
may  safely  be  predicted  that  unusual  variations  are  being  mani- 
fested by  the  magnetic  needle ;  and  when  night  comes  on,  aurora 
will  surely  be  seen.  In  some  years  these  storms  are  very  frequent ; . 
about  three  years  ago,  they  were  so  troublesome  that  Mr.  C.  V. 
Walker  was  compelled  to  apply  a  contrivance  to  the  telegraph  in 
order  to  neutralize  their  ill  effects. 

J,  I  think  I  have  heard  that  waterspouts^  which  are  sometimes 
seen  at  sea,  arise  from  the  power  of  electricity,  and  not  from  the 
force  of  the  wind. 

T,  The  wind  will  not  account  for  every  appearance  connected 
with  them.  Water-spouts  are  often  seen  'in  calm  weather,  when 
the  sea  seems  to  boil,  and  send  up  a  smoke  under  them,  rising  in 
a  sort  of  hill  towards  the  spout.  A  rumbling  noise  is  often  heard 
at  the  time  of  their  appearance,  which  happens  generally  in  those 
months  that  are  peculiarly  subject  to  thunder  storms,  and  they  are 
commonly  accompanied  or  followed  by  lightning. 

Water-spouts  at  sea  are  undoubtedly  very  like  whirlwinds  and 
hurricanes  by  land.  These  sometimes  tear  up  trees,  throw  down 
buildings,  make  caverns ;  and,  in  all  the  cases,  they  scatter  the 
earth,  bricks,  stones,  timber,  &c.,  to  a  great  distance  in  every 
direction.  Dr.  Franklin  mentions  a  remarkable  appearance  which 
occurred  to  Mr.  Wilkie,  an  electrician.  On  the  20th  of  July, 
1758,  at  three  o'clock  in  the  afternoon,  he  observed  a  great 
quantity  of  dust  rising  from  the  ground,  and  covering  a  field 
and  part  of  the  town  in  which  he  then  was.  There  was  no  wind, 
and  the  dust  moved  gently  towards  the  east,  where  there  ap-  * 
peared  a  great  black  cloud,  which  electrified  his  apparatus  posi- 
tively to  a  very  high  degree.  This  cloud  went  towards  the  west, 
the  dust  followed  it,  and  continued  to  rise  higher  and  higher,, 
till  it  composed  a  thick  pillar,  in  the  form  of  a  sugar-loaf,  and 
at  length  it  seemed  to  be  in  contact  with  the  doud.  At  some 
dbtance  from  this,  there  came  another  ?reat  cloud,  with  a  long 
stream  of  smaller  ones,  which  electrified  his  apparatus  negatively, 
and  when  they  came  near  the  positive  cloud  a  flash  of  lightning 
was  seen  to  dart  through  the  cloud  of  dust;  upon  which  the 
negative  clouds  spread  very  much,  and  dissolved  in  rain,  which 
presently  cleared  the  atmosphere. 

(7.  Is  rain,  then,  an  electrical  phenomenon  ? 

T,  The  most  enlightened  and  best-informed  electricians  reckon 
nun,  hail,  and  snow  among  the  effects  produced  by  the  electric  fluid  . 
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J,  Do  the  negative  and  positive  clouds  act  in  tbe  same  manner 
as  the  outside  and  inside  coatings  of  a  charged  Leyden  jar  ? 

T,  Thunder-clouds  frequently  do  nothing  more  than  conductor 
convey  the  electric  matter  from  one  place  to  another. 

C,  Then  they  may  be  compared  to  the  dischai^ng-rod. 

The  following  is  not  an  uncommon  appearance :  a  dark  doad 
is  observed  to  attract  others  to  it,  and,  when  erown  to  a  con- 
siderable size,  its  lower  surface  swells  in  particular  parts  towards 
the  earth.  During  the  time  that  the  cloud  is  thus  formingf 
flashes  of  lightning  dart  from  one  part  of  it  to  *the  other,  and 
often  illuminate  the  whole  mass ;  and  small  clouds  are  observed 
moving  rapidly  beneath  it.  When  the  cloud  has  acquired  a 
sufficient  extent  the  lightning  strikes  the  earth  in  two  opposite 
places. 


CONVERSATION  XV. 

Medical  Electriciiy, 

T.  Physicians  have  applied  electricity  medically ;  in  some  cases 
their  endeavours  have  been  unavailing,  in  others  the  success  has 
been  very  complete. 

C.  Did  they  do  nothing  more  than  this  ? 

T,  Yes  ;  in  some  cases  they  took  sparks  from  their  patients,  in 
others  they  gave  them  shocks. 

J.  This  would  be  no  pleasant  method  of  cure,  if  the  shocks 
were  strong. 

T.  You  know  by  means  of  Lane's  electrometer,  described  in 
our  seventh  Conversation,  the  shock  may  be  ^ven  as  slightly  as 
you  please. 

C,  But  how  are  the  shocks  conveyed  through  an^"  part  of  the 
body? 

T.  There  are  machines  and  apparatus  made  expressly  for 
medical  purposes.  Suppose  the  electrometer  to  be  fixed  to  a 
Leyden  pKiai,  and  the  knob  at  a  to  touch  the  conductor,  and  the 
knob  at  B  to  be  as  far  off  as  you  mean  the  shocks  to  be  weak  or 
strong,  a  chain  or  wire  of  sufficient  length  is  to  be  fixed  to  the 
ring  0  of  the  electrometer,  and  another  wire  or  chain  to  the 
outside  coating:  the  other  ends  of  these  two  wires  are  to  be 
fastened  to  the  two  knobs  of  the  discharging-rod. 

J,  What  next  is  to  be  done,  if  I  wish  to  electrify  my  knee,  for 
instance  ? 

T,  All  you  have  to  do  is  to  bring  the  balls  of  the  discharging- 
rod  close  to  your  knee,  one  on  the  one  side,  and  the  other  on  the 
opposite  side. 
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C,  And,  at  every  discharge  of  the  Leyden  jar,  the  superabun- 
dant electricity  from  withinside  will  pass  from  the  knob  at  a  to  the 
knob  B,  and  will  pass  through  the  wire  and  the  knee,  in  its  way  to 
the  outside  of  the  jar,  to  restore  to  both  sides  an  equilibrium. 

(7.  But  if  it  happen  that  a  part  of  a  body,  as  an  arm,  is  to  be 
electrified,  how  is  it  to  be  done,  because  in  that  case  I  cannot  u6e 
both  my  hands  in  conducting  the  wires  ? 

T,  Then  you  may  seek  the  assistance  of  a  friend,  who  will,  by 
means  of  two  instruments,  called  directors^  be  able  to  conduct  the 
fluid  to  any  part  of  the  body  whatever. 

(7.  What  are  directors  ? 

T,  A  director  consists  of  a  knobbed  brass  wire,  which  by  means 
of  a  brass  cap,  is  cemented  to  a  glass  handle.  So  the  operator,  hold- 
ing these  directors  by  the  extremities  of  the  glass  handle,  brings 
the  balls,  to  which  the  wires  or  chains  are  attached,  into  contact 
with  the  extremities  of  that  part  of  the  body  of  the  patient  through 
which  the  shock  is  to  be  sent.  If  I  feel  rheumatic  pains  between 
my  elbow  and  wrist,  and  a  person  hold  one  director  at  the  elbow 
and  another  about  the  wrist,  the  shock  will  pass  through,  and  pro- 
bably will  be  found  useful  in  removing  the  complaint. 

J.  Is  it  necessary  to  stand  on  the  glass-footed  stool  to  have  this 
operation  performed? 

T,  By  no  means:  when  shocks  are  adminbtered,  the  person 
who  receives  them  may  stand  as  he  pleases,  either  on  the  stool,  or 
on  the  ground  ;  the  electric  fluid,  taking  the  nearest  passage,  will 
always  find  the  other  knob  of  the  other  director,  which  leads  to  the 
outside  of  the  jar. 

C  Is  it  necessary  to  make  the  body  bare  ? 

T,  Not  in  the  case  of  shocks,  unless  the  coverings  be  very  thick ; 
but  when  sparks  are  to  be  taken,  then  the  person  from  whom  they 
are  drawn  must  be  insulated,  and  the  clothes  should  be  stripped  otf 
the  part  affected. 

J.  For  what  disorders  is  electricity  chiefly  used  ? 

T,  Dr.  Golding  Bird,  an  eminent  physician  at  Guy's  Hospital, 
has  published  a  series  of  lectures,  in  which  he  gives  the  results  of 
the  application  of  electricity  to  different  classes  of  disease. 

In  eleven  cases  of  paralysis,  five  were  cured,  four  improved,  and 
two  not  relieved.  Sparks  were  taken  from  the  spine.  Of  ten  cases 
of  rheumatic  paralysis,  five  were  cured,  three  relieved,  and  two 
unrelieved.  Sparlu  were  taken  from  the  spine,  and  from  the 
muscles  that  were  afiected.  Equal  success  attended  his  applications 
of  electricity  to  the  relief  of  other  ills  to  which  flesh  is  heir. 
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CONVERSATION  XVI. 

Of  Animal  Electricity  ;  of  the  Torpedo ;  of  tlie  GymnotM  JEfec- 
tricus ;  and  of  the  SUurus  Electricus, 

T.  There  are  certain  fish  which  are  possessed  of  the  singnlir 
property  of  giving  shocks  very  similar  to  those  experienced  by 
means  of  the  Leyden  jar. 

C,  I  should  like  much  to  see  them :  are  they  easilj  obtained? 

T,  No,  they  are  not :  they  are  called  the  torpedo,  the  gymfuiitt 
electricuSj  and  the  silurus  electricus. 

J.  Are  they  all  of  the  same  genus  ? 

T,  No ;  the  torpedo  is  a  flat  fish,  seldom  twenty  inches  long,  and 
is  common  in  various  parts  of  the  sea-coast  of  Europe.  Thededrie 
organs  of  this  fish  are  placed  on  each  side  of  the  gills,  where  thej 
fill  up  the  whole  thickness  of  the  animal,  from  the  lower  to  the 
upper  surface,  and  are  covered  by  the  common  skin  of  the  body. 

C.  Can  you  lay  hold  of  the  fish  by  any  other  part  of  the  body 
with  impunity  ? 

T,  Not  altogether  so ;  for  if  it  be  touched  with  one  hand,  it 
generally  communicates  a  very  slight  shock ;  but  if  it  be  touched 
with  both  hands  at  the  same  time,  one  being  applied  to  the  under, 
and  the  other  to  the  upper  surface  of  the  body,  a  shock  will  be 
received  similar  to  that  which  is  occasioned  by  the  Leyden  jar. 

J,  Will  not  the  shock  be  felt  if  both  hands  be  put  on  one  of  the 
electric  organs  at  the  same  time  ? 

T,  No ;  and  this  shows  that  the  upper  and  lower  surfaces  of  tbe 
electric  organs  are  in  opposite  states  of  electricity,  answering  to 
the  positive  and  negative  sides  of  a  Leyden  phial. 

C\  Are  the  same  substances  conductors  of  the  electric  power  of 
the  torpedo,  by  which  artificial  electricity  is  conducted  ? 

T,  Yes,  they  are :  and  if  the  fish,  instead  of  being  touched  by 
the  hands,  be  touched  by  conducting  substances,  as  metals,  the 
shock  will  be  communicated  through  them.  The  circuit  may  also 
be  formed  by  several  persons  joining  hands,  and  the  shock  will  be 
felt  by  them  all  at  the  same  time. 

C.  Is  it  known  how  the  power  is  accumulated  ? 

T,  It  seems  to  depend  on  the  will  of  the  animal,  for  each  effort 
is  accompanied  with  a  depression  of  its  eyes,  and  it  probably  makes 
use  of  it  as  a  means  of  self-defence. 
J,  Is  this  the  case  also  with  the  Other  electrical  fishes  ? 

T.  The  gymnotus  possesses  all  the  electric  properties  of  the  tor- 
pedo, but  in  a  very  superior  degree.  This  fish  has  been  called  the 
electrical  eel,  on  account  of  its  resemblance  to  the  common  eel.  It 
is  found  in  the  large  rivers  of  South  America. 
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C,  Are  these  fishes  able  to  injure  others  by  this  power  ? 

T,  If  small  fishes  are  put  into  the  water  in  which  the  gymnotus 
is  kept,  it  will  first  stun,  or  perhaps  kill  them,  and  if  it  be  hungry, 
it  wijl  then  devour  them.  But  fishes  stunned  by  the  gymnotus 
may  be  recovered,  by  being  speedily  removed  into  another  vessel 
of  water. 

In  March,  1838,  a  gymnotus  was  caught  and  sent  safely  to 
England,  and  was  received  at  the  Adelaide  Gallery  on  August 
16th.  In  September  of  the  same  year.  Dr.  Faraday  experimented 
with  it,  and  obtained  from  it  electricity  which  produced  all  the 
usual  effects.  The  shock  was  most  powerful  when  one  hand  grasped 
it  near  the  head,  and  the  other  near  the  tail.  The  needle  of  a 
galvanometer  (an  instrument  to  be  described  hereafter)  was 
deflected  40°;  the  positive  electricity  passing  from  the  anterior  part 
of  the  body,  through  the  galvanometer,  to  the  posterior  part.  A 
needle  was  magnetized,  by  allowing  the  electricity  to  pass  through 
twenty-five  feet  of  silk-covered  wire,  wound  round  a  quill,  in  which 
the  needle  was  placed. 

Chemical  decomposition  was  easily  obtained  by  allowing  the 
electricity  to  pass  through  paper  moistened  by  a  solution  of  iodide 
of  potassium.  Meat  was  produced  by  allowing  the  discharge  to 
take  place  through  a  fine  wire,  contained  in  a  glass  globe  of  air. 
The  electric  spark  was  obtained  by  having  one  end  of  the  wire  of 
an  electro-magnet  in  contact,  by  proper  conductors,  with  the  fish, 
while  the  other  was  rubbed^along  a  file. 

C,  But  you  are  telling  us  of  apparatus  that  have  not  been  men- 
tioned before  ;  and  we  cannot  know  how  they  act. 

T,  I  mention  them  here,  as  I  am  describing  the  power  of  this 
fish ;  but  must  reserve  the  explanation  of  them  until  we  get  into 
the  secrets  of  voltaic  electricity  and  electro-magnetism. 

I  should  have  told  you,  that  a  direct  spark  was  obtained  between 
the  leaves  of  a  gold-leaf  electroscope. 

M.  Gassiot  obtained  not  only  the  attraction  of  gold-leaves,  but 
they  were  actually  fused,  scintillating  in  a  beautiful  manner. 

This  gymnotus  died  of  the  rupture  of  a  blood-vessel  on  March 
14th,  1842. 

Several  others  have  since  reached  Ejigland,  of  which  live  speci- 
mens are  to  be  seen  at  the  Royal  Polytechnic  Institution.  Some, 
coming  as  presents  to  the  Electrical  Society,  died  on  their  passage, 
of  which  careful  dissections  were  made  by  Dr.  Letheby,  of  the 
London  Hospital.  The  electric  organs,  preserved  in  spirit,  may  be 
seen  at  the  rolytechnic. 

J,  How  do  they  catch  these  kinds  of  fish  ?  the  man  would,  pro- 
bably, let  them  go  on  receiving  the  shock  ? 

J.  In  this  way  the  property  was,  perhaps,  first  discovered.  The 
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gymnotus,  as  well  as  the  others,  may  be  touched,  without  any  ri^ 
of  the  shock,  with  wax  or  with  glass ;  but  if  it  be  touched  widi  the 
naked  finger,  or  with  a  metal,  or  a  gold  ring,  the  shodL  isfeltapon 
the  arm. 

C.  Does  the  sUurus  dectricus  produce  the  same  efiects  as  the 
others  ? 

T,  This  fish  is  found  in  some  river  in  Afnca,  and  it  is  known  to 
possess  the  property  of  giving  the  shock,  but  no  other  particulars 
nave  been  detailed  respecting  it. 

With  regard  to  the  torpedo,  its  power  of  giving  the  benumlHOg 
sensation  was  known  to  the  ancients,  and  irom  this  it  probably 
took  its  name.  In  Firmin's  "  Natural  History  of  Surinam  is  some 
account  of  the  trembling  eel,  which  Dr.  Priestley  conjectures  to  be 
different  from  the  gymnotus  ;  it  lives  in  marshy  places,  from  whence 
it  cannot  be  taken,  except  when  it  is  intoxicated.  It  cannot  be 
touched  with  the  hand,  or  with  a  stick,  without  giving  a  terrible 
shock.  If  trod  upon  with  shoes,  the  legs  and  thighs  are  aflSected 
in  a  similar  manner. 

The  enterprising  scientific  traveller  Humboldt  enables  us  to  g^fe 
a  very  satisfactory  answer  to  James's  inquiry  as  to  the  mode  of 
catching  these  electric  fishes.  When  he  was  in  South  America  be 
was  exceedingly  anxious  to  obtain  some  of  these  animals  for  bis 
experiments.  For  this  express  purpose  he  stopped  some  days,  oo 
his  journey  across  the  Llanos  to  the  river  Apure,  at  the  small  town 
of  Calabozo,  in  the  neighbourhood  of  which  he  was  informed  tbat 
the  were  very  numerous.  He  was  conducted  to  the  Cano  de  Bera,  tbe 
principal  spot  frequented  by  tbe  gymnoti.  It  is  a  small  piece  of 
shallow  water,  stagnant  and  muddy,  but  of  the  heat  of  seventy-nine 
degrees,  and  surrounded  by  a  rich  vegetation.  Here  he  soon  wit- 
nessed a  spectacle  of  the  most  novel  and  extraordinary  kind.  About 
thirty  horses  and  mules  were  quickly  collected  from  the  adjacent 
savannahs,  where  they  run  half  wild,  and  are  only  valued  at  a  few 
shillings  each.  These  the  Indians  hem  in  on  all  sides,  and  drive 
into  the  marsh ;  then  pressing  to  the  edge  of  the  water,  or  climbing 
along  the  extended  branches  of  the  trees,  armed  with  long  bamboos 
or  harpoons,  they,  with  loud  cries,  push  the  animals  forward,  and 
prevent  their  retreat.  The  gymnoti,  roused  from  their  slumbers 
by  this  noise  and  tumult,  mount  near  the  surface,  and,  swimming 
like  so  many  livid  water  serpents,  briskly  pursue  the  intruders,  and, 
gliding  under  their  bellies,  discharge  through  them  the  most 
violent  and  repeated  shocks.  The  horses,  convulsed  and  terrified, 
their  manes  erect,  and  their  eyes  staring  with  pain  and  anguish, 
make  unavailing  stniggles  to  escape.  In  less  tnan  five  minutes, 
two  of  them  sunk  under  the  water,  and  were  drowned.  Victory 
seemed  to  declare  for  the  electric  eels :  but  their  activity  now  bc^an 
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jto  relax.    Fatigued  by  such  expense  of  nervous  energy,  they  shot 

,their  electric  discharges  with  less  frequency  and  el!ect«    The  sur- 

'  yiving  horses  gradually  recovered  from  the  shocks,  and  became 

more  composed  and  vigorous.   In  a  quarter  of  an  hour  the  gymnoti 

finally  retired  from  the  contest,  and  in  such  a  state  of  languor  and 

complete  exhaustion,  that  they  were  easily  dragged  on  shore  by  the 

help  of  small  harpoons  fastened  to  cords.     This  very  singular 

-  method  of  catching  the  electric  eel  is,  in  allusion  to  the  mode  of 

catching  fish  by  means  of  infusion  of  narcotic  plants,  termed  emhaV' 

hascar  con  cdbaUoSf  or  poisoning  vrith  horses  I 


CONVERSATION  XVII. 

General  Summary  of  Electricity^  vrith  Experiments, 

jT.  You  now  understand  that  electricity  pervades  all  sub- 
stances, and,  when  undisturbed,  it  remains  in  a  state  of  equili- 
brium. ' 

J.  And  that  certain  portion,  which  every  body  is  supposed  to 
contain,  is  called  its  natural  share. 

T,  When  a  body  is  possessed  of  more  or  retains  less  than  its 
natural  share,  it  is  said  to  be  charged,  or  electrified. 

C.  If  it  possess  more  than  its  natural  share,  it  is  said  to  be 
positively  electrified ;  but  if  it  contain  less  than  its  natural  share, 
it  is  said  to  be  negatively  electrified. 

T,  Does  it  not  sometimes  happen  that  the  same  substance  is 
both  positively  and  negatively  electrified  at  the  same  time  ? 

J,  Yes :  the  Leyden  jar  is  a  striking  instance  of  this,  in  which, 
if  the  inside  contain  more  than  its  natural  share,  the  outside  will 
contain  less  than  its  natural  quantity. 

T,  What  is  the  distinction  between  conductors  and  non-con- 
ductors of  electricity  ? 

C.  The  electric  fluid  passes  more  freely  through  the  former 
than  the  latter, 

T,  You  know  that  electricity  is  excited  in  the  greatest  quan- 
tities by  the  friction  of  conducting  and  non-conducting  substances 
against  each  other. 

Ex.  Rub  two  pieces  of  sealing-wax,  or  two  pieces  of  glass, 
together,  and  only  a  veiy  small  portion  of  electricity  can  be 
obtained :  therefore  the  rubber  of  a  machine  should  be  a  conduct- 
ing substance,  and  not  insulated. 

Every  electrical  machine,  with  an  insulated  rubber,  will  act  in 
three  different  ways :  the  rubber  will  produce  negative  electricity  ; 
the  conductor  will  give  out  positive  electricity ;  and  it  will  com- 
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municate  both  powers  at  once  to  a  penoa  or  sabBtanoe  pM 
between  two  directors  connected  with  them. 

J,  How  does  the  rubber  produce  negative  electricity  ? 

T,  If  you  stand  on  a  stool  with  glass  legs,  or  upon  any  otbr 
non-conducting  substance,  and  lay  hold  of  the  rubber,  or  a  M 
that  communicates  with  it,  the  working  the  machine  will  tab 
away  from  you  a  quantity  of  your  natimd  electricity :  thmiiR 
you  will  be  negatively  electrified. 

C,  Will  thi^  appear  by  the  nature  of  the  electric  fluid,  if  I  kU 
in  my  hand  a  steel  point,  as  a  needle  ? 

T,  If  you,  standing  on  a  non-conducting  substance,  are  cot' 
nected  with  the  rubber,  and  your  brother,  in  a  similar  situatkVi 
connected  with  the  conductor,  hold  points  in  your  hands,  aail 
while  I  stand  on  the  ground,  first  present  a  brass  ball,  or  otitf 
substance,  to  the  needle  in  your  hand,  and  then  to  that  in  bi 
hand,  the  appearance  of  the  fluid  will  be  different  in  both  casei: 
to  the  needle  in  your  hand  it  will  appear  like  a  star,  but  to  tU 
in  your  brother*s  it  will  be  rather  in  the  form  of  a  brush.  Wlut 
will  happen  if  you  bring  two  bodies  near  to  one  another  that  flR 
both  electrified  ? 

J,  If  they  are  both  positively  or  both  n^atively  electiifi^ 
they  will  repel  each  other ;  but  if  one  is  negative  and  the  otlier 
positive  they  will  attract  one  another  till  they  touch,  andtk 
equilibrium  is  again  restored. 

T,  If  a  body  containing  only  its  natural  share  of  electrid^,  te 
brought  near  to  another  that  is  electrified,  what  will  be  the  coi* 
sequence  ? 

C  A  quantity  of  electricity  will  force  itself  through  the  air  is 
the  form  of  a  spark. 

T,  When  two  bodies  approach  each  other,  one  electrified 
positively  and  the  other  negatively,  the  superabundant  electriaty 
rushes  violently  from  one  to  the  other  to  restore  the  equilibrimn. 
What  will  happen  if  your  body,  or  any  part  of  it,  form  part  of 
the  circuit  ? 

J,  An  electric  shock  will  be  produced,  and  if,  instead  ctf  one 
person  alone  many  join  hands  and  form  part  of  tiie  circuit,  thej 
will  all  receive  a  shock  at  one  and  the  same  instant. 

T,  If  I  throw  a  larger  quantity  of  electricity  than  its  natonl 
share  on  one  side  of  a  piece  of  glass,  what  will  happen  to  tiie 
other  side  ? 

Q,  The  other  side  will  become  negatively  electrified :  that  is,  it 
will  have  about  as  much  less  than  its  natural  share  as  the  other 
has  more  than  its  natural  share. 

T,  Does  electricity  communicated  to  glass  spread  ot^  the 
whole  surface  ? 
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J,  No :  glass  being  an  excellent  non-conductor,  the  electric 
fluid  will  be  confined  to  the  part  on  which  it  is  thrown ;  and  for 
that  reason,  and  in  order  to  apply  it  to  the  whole  surface,  the 
glass  is  covered  with  tinfoil,  whicn  is  called  a  coating, 

T,  And  if  a  conducting  communication  be  made  between  both 
sides  of  the  glass,  what  takes  place  then  ? 

T,  A  disdiarge ;  and  this  nappens  whether  the  glass  be  flat  or 
in  any  other  form. 

T,  What  do  you  call  a  cylindrical  glass  vessel,  thus  coated  for 
electrical  purposes  ? 

J,  A  I^yden  jar  ;.and  when  the  insides,  and  also  the  outsides, 
of  several  of  these  jars  are  connected,  it  is  called  an  electrical 
battery. 

T.  Electricity  in  this  form  is  capable  of  producing  the  most 
powerful  effects,  such  as  melting  metals,  firing  spirits,  and  other 
inflammable  substances.  What  efiect  have  metallic  points  on 
electricity  ? 

C,  They  discharge  it  silently,  and  hence  their  great  utility  in 
defending  buildings  from  the  dire  effects  of  lightning.  Pray, 
what  is  thunder  ? 

T,  As  lightning  appears  to  be  the  rapid  motion  of  vast  masses 
of  electric  matter,  so  thunder  is  the  noise  produced  by  the  motion 
of  lightning;  and  when  electricity  passes  through  the  higher 
parts  of  the  atmosphere,  where  the  air  is  very  much  rarefied,  it 
constitutes  the  aurora  borealis. 

Ex,  If  two  sharp-pointed  wires  be  bent  with  the  four  ends  at 
right  angles,  but  pointing  diflerent  ways,  and 
they  be  made  to  turn  upon  a  wire  x  fixed  on  « 
the  conductor,  the  moment  it  is  electrified  a 
flame  will  be  seen  at  the  points  ah  e  d;  the 
wire  will  begin  to  turn  round  in  the  direction 
opposite  to  that  to  which  the  points  are 
turned,  and  the  motion  will  become  very  rapid.  ^'  ^^' 

If  the  figures  of  horses  cut  in  paper  be  fastened  upon  these 
wires,  the  horses  will  seem  to  pursue  one  another ;  and  this  is 
called  the  electrical  horse-race.  Of  course,  upon  this  principle, 
many  other  amusing  and  ^very  beautiful  experiments  may  be 
made;  and  upon  the  same  prindple  several  electrical  orreries 
bave  been  contrived,  showing  the  motions  of  the  earth  and  moon, 
and  the  earth  and  planets  round  the  sun. 
J.  How  do  you  account  for  this? 

T.  Fix  a  sharp-pointed  wire  into  the  end  of  the  large  con- 
ductor, and  hold  your  hand  near  it ;  no  spades  will  ensue ;  but  a 
cold  blast  will  come  from  the  point,  which,  when  applied  to  light 
mills,  wheels,  &c.,  will  turn  them  with  great  velocily. 
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CONVERSATION  I. 


Of  Galvanism — Its  Origin — Ea^erimenia — Ofiht  Decoor 

position  of  nater, 

T,  It  has  been  observed  as  long  as  I  can  remember,  and  ]» 
bably  before  I  was  bom,  that  porter,  when  taken  from  a  pewts 
pot,  had  a  superior  flavour  than  when  drunk  out  of  glass  or  doL 

C,  Yes ;  I  have  often  heard  people  say  so ;  but  what  is  tb 
reason  of  it  ? 

T,  Admitting  the  fact,  which  is,  I  believe,  generally  aSknifi 
by  those  who  are  much  accustomed  to  drink  that  beverage,  iti 
explained  upon  principles  which  are  now  well  understood. 

J,  And  are  these  principles  electrical  ? 

T,'  Yes ;  but  before  I  speak  of  them  I  should  tell  you  that  At 
branch  of  science  to  which  they  belong  was  termed  GalvamA 
from  Dr.  Galvani,  who  first  reported  to  the  philosophical  w«U 
the  experiments  on  which  the  science  is  founded ;  but  it  is  aov 
more  generally  termed  Voltaic  Electricity,  because  the  diemiol 
features  of  the  science,  on  which  most  of  the  illustrati(»is  IR 
based,  are  due  to  the  original  discoveries  of  Volta. 

C.  What,  then,  did  Galvani  do  ? 

T,  Galvani,  a  professor  of  anatomy  at  Bologna,  was  "»p^«g 
some  electrical  experiments,  and  on  the  table  where  the  machiv 
stood  were  some  frogs  skinned.  On  touching  the  main  nerve  d 
a  frog,  at  the  same  moment  that  he  took  a  considerable  spiii 
from  the  conductor  of  the  electrical  machine,  the  muscles  ot^ 
frog  were  thrown  into  strong  convulsions.  The  professor  madei 
number  of  other  experiments ;  but  as  they  cannot  be  •  repeated 
without  much  cruelty  to  living  animals,  I  shall  not  enter  into  t 
detail  of  them. 

J,  Were  not  the  frogs  dead  which  first  led  to  the  discoyeiy? 

T.  Yes,  they  were ;  but  the  Professor  afterwards  made  many 
experiments  upon  living  ones,  whence  he  found  that  the  ooft- 
Yulsions,  or,  as  they  are  usually  called,  the  contractions  produced 
on  the  frog  may  be  excited  merely  by  making  a  commaoicatioii 
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between  the  nerves  and  the  muscles  with  substances  that  are 
conductors  of  electricity. 

To  illustrate  what  I  mean,  you  may  take  a  piece  of  zinc  plate 
and  lay  upon  it  a  half-crown ;  place  a  leech  or  a  slug  upon  the 
half-crown,  and  mark  what  follows. 

C.  I  see  nothing  remarkable ;  the  leech  moves  as  might  be 
expected.  Oh !  look  there ;  what  made  him  start?  There  he  is 
again !  why  it  seems  that  the  moment  he  touches  the  zinc  he  is 
convulsed. 

T,  He  is  so,  providing  he  is  at  the  same  time  touching  the 
silver ;  if  he  were  on  the  zinc  alone  nothing  would  happen.  The 
fact  is,  that  when  two  metals  and  a  liquid  are  in  contact,  so  as  to 
form  a  circle,  electricity  is  generated.  In  this  case,  the  moisture 
on  the  surface  of  the  animal  serves  as  the  liquid.  One  metal  and 
two  liquids  properly  arranged  produce  analogous  effects;  and 
thus,  when  the  moisture  of  the  mouth,  the  porter,  and  the  pswter 
pot  were  associated,  a  pungent  taste  was  produced  on  the  tongue, 
which  improved  the  flavour  of  the  liquid.  You  may  have  noticed, 
doubtless,  that  a  silver  spoon  dipped  in  an  egg  is  not  discoloured ; 
but  one  that  has  been  used  for  eating  an  egg  is  very  much  so. 
The  reason  of  this  is  that  in  the  latter  case,  the  metal,  the 
moisture  of  the  mouth,  and  the  egg  form  a  voltaic  circle,  and 
produce  a  current  of  electricity,  attended  by  a  chemical  decompo- 
sition, which  discolours  the  spoon. 

I  will  show  you  an  experiment  on  the  subject.  Here  is  a  thin 
piece  of  zinc ;  lay  it  under  your  tongue,  and  lay  this  half-crown 
upon  the  tongue.  Do  you  taste  anything  very  peculiar  in  the 
metals? 

J,  No ;  nothing  at  all. 

T.  Put  them  in  the  same  position  again,  and  now  bring  the 
edges  of  the  two  metals  into  contact,  while  the  other  parts  touch 
the  under  and  upper  surface  of  the  tongue. 

J.  Now  they  excite  a  very  disagreeable  taste,  something  like 
copperas. 

T.  Instead  of  the  half-crown,  try  the  experiment  with  a  guinea, 
or  with  a  piece  of  charcoal. 

C,  I  perceive  the  same  kind  of  taste  which  James  described ; 
and  I  can  see  that  when  we  make  the  edges -touch,  we  form  a 
voltaic  circle,  and  then  taste  its  eflects ;  but  while  the  edges  are 
apart,  the  circle  is  incomplete,  and  the  effect  ceases. 

J.  All  metals,  as  we  have  seen,  are  conducting  substances ;  of 
course,  the  zinc,  the  guinea,  and  the  half-crown  are  conductors. 

T,  Yes ;  and  so  are  the  tongue  and  the  saliva ;  and  by  the 
decomposition  of  some  small  particles  of  the  saliva,  the  sharp  taste 
18  excited. 


464  VOLTAIC  ELECTBZCITT. 

C,  What  do  jou  mean  by  the  decomposition  of  the  saliva? 

T,  Chemistry  teaches  us  that  water  is  capable  of  being  (x- 
composed,  that  b,  separated  into  two  gasesy  called  hydrogen  mi 
oxygen. 

</.  Is  saliva  capable  of  being  thus  separated  ? 

T,  Certainly;  because  a  great  part  of  it  may  be  supposed b 
be  water;  and  the  oxygen  combines  with  the  metal,  wmlethe 
hydroffcn  escapes. 

C,  The  disagreeable  taste  on  the  tongue  cannot  be  disputed: 
but  there  is  no  apparent  change  on  the  zinc  or  the  half-aon 
which  there  ought  to  be  if  a  new  substance,  as  the  oxygen,  b 
entered  into  the  combination. 

T.  The  change  is,  perhaps,  too  small  to  be  perc^ved  in  tiv 
experiment;  but  in  others  on  a  larger  scale  it  will  be  very  evidot 
to  the  sight,  by  the  oxidation  of  the  metals. 

J»  Here  is  another  strange  word.  I  do  not  know  what  is  metft 
by  oxidation. 

T,  The  iron  bars  fixed  before  the  window  were  dean  and  alntf 
bright  when  placed  there  last  summer. 

J,  But  not  being  painted  they  are  become  quite  rusty. 

T,  Now,  in  chemical  language,  the  iron  is  said  to  be  oxidated 
instead  of  rusty ;  and  the  earthy  substance  that  may  be  scraped) 
from  them  used  to  be  called  the  calx  of  iron ;  but  it  is,  by  mooeni 
chemistry,  denominated  the  oxide  of  iron. 

When  mercury  loses  its  fine  brightness,  by  being  long  exposed 
to  the  air,  the  dulness  is  occasioned  by  oxidation ;  that  is,  tbe 
same  cfiect  is  produced  by  the  air  on  the  mercury  as  was  on  tbe 
iron.  I  will  give  you  another  instance.  I  will  melt  some  lead  ii 
this  ladle  ;  you  see  a  scum  is  speedily  formed.  I  take  it  awij 
and  another  will  arise,  and  so  perpetually,  till  the  whole  lead  ii 
thus  transformed  into  an  apparently  different  substance.  This  ii 
called  the  oxide  of  lead. 

On  the  same  principle  we  obtain  the  oxides  of  the  other  metab; 
and  the  process  by  wnich  ^e  metals  are  converted  into  oxides  is 
called  oxidation.  The  pure  metals,  as  silver  and  gold,  are  not 
easily  oxidated ;  but  lead,  copper,  iron,  anc,  &c.,  readily  lose 
their  metallic  properties,  and  become  oxides. 


CONVERSATION  H. 

Oalvanic  Light  and  Shocks — Voltaism. 

C.  We  had  a  taxte  of  voltaic  electricity  yesterday.    Is  there  do 
way  of  seeing  it? 

T,  Put  tms  piece  of  zinc  between  the  lip  and  the  gumi,  « 
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high  as  you  can,  and  then  lay  a  half-crown,  or  guinea,  upon  the 
tongue,  and,  when  so  situated,  bring  the  metals  into  contact. 
V,  I  thought  I  saw  a  faint  flash  of  light. 

T,  I  dare  say  you  did ;  it  was  for  that  purpose  I  bade  you 
make  the  experiment.  It  may  be  done  in  another  way ;  by  putting 
a  piece  of  silver  up  one  of  the  nostrils,  and  the  zinc  on  the  upper 
part  of  the  tongue,  and  then  bringing  the  metals  in  contact,  the 
same  effect  will  be  produced. 

J,  By  continuing  the  contact  of  the  two  metals,  the  appearance 
of  light  does  not  remain. 

1\  No,  it  is  visible  only  at  the  moment  of  making  the  contact. 
You  can,  if  you  make  the  experiment  with  great  attention,  put  a 
small  slip  of  tinfoil  over  the  ball  of  one  eye,  and  hold  a  teaspoon 
in  your  mouth,  and  then,  upon  making  contact  between  the 
spoon  and  the  tin,  a  faint  light  will  be  visible.  These  experiments 
are  best  performed  in  the  dark. 

C  Are  there  no  means  of  making  experiments  on  a  larger 
scale  ? 

T,  Yes,  we  have  galvanic  (or  as  they  ought  to  be 
denominated,  voltaic  batteries,  from  Yolta,  the  in- 
ventor of  them)  as  well  as  electrical  batteries.     Here 
is  one  of  them  (Fig.  1).     It  consists  of  a  number  of 
pieces  of  silver,  zinc,   and   flannel  cloth,  of  equal 
sizes ;  and  they  are  thus  arranged :  a  piece  of  zmc, 
a  piece  of  silver,  and  a  piece  of  cloth  moistened  with 
a  solution  of  salt  in  water,  and  so  on  till  the  pile  is 
completed.    To  prevent  the  pieces  from  falling,  they 
are  sup[)ortcd  on  the  sides  by  three  rods  of  glass,  fixed        Fig.  i. 
into  a  piece  of  wood,  and  down  these  rods  slides  another  piece  of 
wood,  which  keeps  all  the  pieces  in  close  contact.    Copper  may 
be  used  instead  of  silver,  but  requires  to  be  cleaned  more  fre- 
quently. 

J.  flow  do  you  make  use  of  this  instrument  ? 

T.  Touch  the  lower  piece  of  metal  with  one  hand,  and  the 
upper  one  with  the  other. 

J.  I  felt  an  electric  shock. 

T,  And  you  may  take  as  many  as  you  please ;  for,  as  of^n  as 
you  renew  the  contact,  so  often  will  you  feel  the  shock. 

Here  is  a  different  apparatus  (Fig.  2).  In  these  three  glasses 
(and  I  might  use  30,  or  300,  or  more,  as  well  as  three)  is  a 
solution  of  salt  and  water.  Into  each,  except  the  two  outer  ones, 
is  plunged  a  small  plate  of  zinc,  and  another  of  silver  or  copper. 
These  plates  are  made  to  communicate  with  each  other  by  means 
of  a  thin  wire,  fastened  so  that  the  silver  of  the  first  glass  is 
connected  with  the  zinc  of  the  second ;  the  silver  of  the  second 
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Fig.  2.  Flg.3. 

with  the  zinc  of  the  third,  and  so  on ;  now,  if  you  dip  one  hind 
into  the  first  glass,  and  the  other  into  the  last,  the  shock  is  felt 

C.  Will  any  kind  of  glasses  answer  for  this  experiment  ? 

T,  Yes,  they  will ;  wine-glasses,  or  goblets,  or  finger-glasBei, 
and  so  will  china  cups. 

A  third  kind  of  battery  (Fig.  3)  consists  of  a  trough  of  wood, 
three  or  four  inches  deep,  and  about  as  broad.  In  the  sides  d 
this  trough  are  grooves  opposite  to  each  other,  and  about  i 
quarter  of  an  inch  asunder.  Into  each  pair  of  these  grooves  is 
put  a  plate  of  zinc,  and  another  of  copper,  and  they  are  to  be 
cemented  in  such  a  manner  as  to  prevent  any  communicatiflB 
between  the  different  cells.  The  cells  are  now  filled  with  a  sola* 
tion  of  salt  and  water ;  or,  if  you  wish  to  have  the  battery  more  I 
powerful,  with  dilute-sulphuric  acid ;  or,  if  still  more  powerfbl, 
with  a  mixture  of  dilute-sulphuric  and  nitric  acids :  but  in  these 
latter  cases  the  liquids  must  not  be  poured  iu  until  the  batteries 
are  actually  required,  and  must  be  poured  out  as  soon  as  the 
experiments  are  over ;  as  they  act  spontaneously  and  powerfully 
upon  the  zinc. 

In  the  various  voltaic  combinations,  where  powerful  acids  aie 
used,  the  zinc  is  profitably  protected  by  being  first  well  scouted 
with  sand  and  acid,  and  then  dipped  into  mercury.  This  is 
called  atnalgaination.  The  battery  is  complete ;  with  your  hands 
make  a  communication  between  the  two  end  cells. 

C,  I  felt  a  strong  shock. 

T,  Wet  your  hands,  and  join  your  left  with  James's  right; 
then  put  your  right  hand  into  one  end  cell,  and  let  James  put  his 
left  into  the  opposite  one.  \ 

J.  We  both  felt  the  shock  like  an  electric  shock,  but  not  a) 
severe. 

T.  Several  persons  may  receive  the  shock  together,  by  joining 
hands,  if  their  hands  are  well  moistened  with  water.  The 
strength  of  the  shock  is  much  diminished  by  passing  through  so 
long  a  circuit.  The  shock  from  a  battery  consisting  of  fifiy  or 
sixty  pairs  of  zinc  and  silver,  or  zinc  and  copper,  may  be  felt  as 
high  as  the  elbows.     And  if  five  or  six  such  batteries  be  united 
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isHth  metal  clamps,  the  combined  force  of  the  shock  would  be 
such  that  few  would  willingly  take  it  a  second  time. 

C,  What  are  the  wires  for  at  each  end  of  the  trough  ? 

T,  They  are  attached  in  order  that  the  electric  lorce  may  be 
directed  into  such  channels  as  will  make  it  manifest ;  for  instance, 
if  a  small  piece  of  well-burnt  box-wood  charcoal  is  tied  at  the  end 
of  each  wire,  and  the  charcoal  points  are  brought  together,  and 
then  slightly  separated,  the  electric  light  is  produced,  and  the 
charcoal  is  slightly  consumed. 

An  apparatus  has  been  constructed  by  which  the  points  adjust 
themselves  in  proportion  as  they  are  consumed;  and  voltaic 
batteries  have  been  proposed  for  producing  electricity  at  a  cheap 
rate.  When  these  things  are  practically  carried  out,  we  shall 
have  electric  illumination.  • 

C.  How  valuable  this  will  be  for  single  large  li^ts,  although 
not  so  convenient  in  a  room ! 

T,  The  heating  'power  of  an  electric  current  is  shown  by  strain- 
ing a  small  platinum  wire  between  the  two  short  cop])er  wires  ; 
this  metal  is  a  comparatively  bad  conductor  of  electncity,  and  is 
immediately  made  incandescent,  and  gives  out  much  heat,  and  no 
small  amount  of  li^ht.  If  one  wire  is  placed  in  a  cup  of  mercury, 
and  gold  or  silver-leaf,  hanging  from  the  other,  is  allowed  to  flap 
upon  the  mercury,  the  leaf  ignites  and  bums  with  a  beautiful 
flame ;  which  varies  with  the  different  metals. 

Chemical  action  is  shown  by  dipping  the  ends  of  the  wires  into 
some  liquid.  Changes  then  occur  in  the  neighbourhood  of  each 
wire,  which  are  dependent  on  the  nature  of  the  liquid,  and  of 
the  wires.  If,  for  instance,  the  liquid  is  dilute  sulphuric  acid, 
and  the  metal  platinum,  the  water  of  the  solution  is  decomposed, 
and  its  constituents  are  liberated;  viz.  oxygen  gas  where  the 
current  enters  the  solution,  and  hydrogen  where  it  leaves  it :  if 
the  current  enters  by  a  copper  wire,  the  oxygen,  instead  of 
appearing,  unites  with  the  copper,  and  makes  an  oxide  of  copper, 
which  is  immediately  dissolved;  if  much  oxide  of  copper  is 
allowed  to  dissolve  in,  the  hydrogen  will  soon  cease  to  appear 
at  the  wire  by  which  the  current  leaves  the  solution ;  for  the 
hydrogen,  in  this  case,  exchanges  places  with  the  copper  that  is 
in  solution,  and  the  copper  makes  its  appearance  in  a  bright 
metallic  form. 

Magnetic  deflection  is  shown  by  joining  the  wires  together, 
and  holding  them  near  a  compass-needle  and  parallel  with  it. 
The  needle  moves  according  to  certain  laws,  to  which  we  will 
briefly  refer  in  our  conversation  on  electro-magnetism. 

Magnets  are  easily  vnade  by  wrapping  a  portion  of  the  wire 
(which  must  be  covered  with  cotton  or  silk,  &c.  for  this  purpose]^ 
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round  a  steel  or  iron  bar ;  in  the  former  case  a  permanent  magnef 
is  made,  in  the  latter  a  temporary  magnet. 

By  leading  these  wires  to  two  separate  gold-leaves  of  an  ele^ 
troscope  of  special  construction,  attraction  is  obtained.  And  bj 
using  a  proper  kind  of  battery  and  many  cells,  a  spark  passes 
before  the  wires  quite  meet 

J,  Will  the  battery  continue  to  act  any  great  length  of  time? 

T.  The  action  of  all  these  kinds  of  batteries  is  the  strongest 
when  they  are  first  filled  with  the  fluid ;  and  it  declines  in  pro* 
portion  as  the  metals  are  oxidated,  or  the  fluid  loses  its  power. 
Of  course,  after  a  certain  time,  the  fluid  must  be  changed  and 
the  metals  cleaned,  either  with  sand,  or  by  immersing  them  i 
short  time  in  diluted  acid.  Care  must  always  be  taken  to  wipe 
quite  dry  the  edges  of  the  plates,  to  prevent  a  communicatio& 
between  the  cells :  and  it  will  be  found,  that  the  energy  of  the 
battery  is  in  proportion  to  the  rapidity  with  which  the  zinc  is 
oxidated. 


CONVERSATION  III. 

Voltaic  Conductors —  Circles —  Tables — Experiments, 

T.  You  know  that  conductors  of  the  electric  fluid  differ  fit»n 
each  other  in  their  conducting  power, 

C.  Yes  ;  the  metals  are  the  most  perfect  conductors,  then 
charcoal,  afterwards  water  and  other  fluids.  This  you  taught  us 
in  our  second  conversation  on  electricity. 

T.  In  voltaism  we  call  the  former  dry  and  perfect  conductors; 
these  are  the  first  class :  the  latter,  or  second  class,  imperfed 
conductors ;  and,  in  rendering  the  voltaic  power  sensible,  the 
combination  must  consist  of  at  least  three  conductors  of  the  diffe- 
rent classes. 

J,  Do  you  mean  two  of  the  first  class,  and  one  of  the  second  ? 

T.  When  two  of  these  bodies  are  of  the  first  class,  and  one  is 
of  the  second,  the  combination  is  said  to  be  of  the ^rs^  order, 

C,  The  large  battery  which  you  used  yesterday  was  of  the 
first  order  then,  because  there  were  two  metals,  viz.  zinc  and 
silver,  and  one  fluid. 

T.  This  is  called  a  simple  vdtaic  pair ;  the  two  metals  touched 
each  other  in  some  points,  and  at  other  ])oints  they  were  con- 
nected by  the  fluid,  which  was  of  a  different  class. 

J,  Will  you  give  us  an  example  of  the  second  order  ? 

T,  When  a  person  drinks  porter  from  a  pewter  mug,  the 
moisture  of  his  under  lip,  as  I  have  already  told  you,  is  one  con- 
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ductor  of  the  second  class,  the  porter  is  the  other,  and  the  metal 
is  the  third  body,  or  conductor  of  the  first  class. 

The  discoloration  of  a  silver  spoon,  in  the  act  of  eating  eggs, 
is  a  voltaic  operation.  The  fluid  egg  and  the  saliva  are  sub- 
stances of  the  second  class  of  conductors,  and  the  silver  of  the 
first  class. 

C,  Which  are  the  most  powerful  voltaic  combinations  ? 

T,  In  all  practical  voltaic  combinations,  zinc  is  used  for  the 
positive  metal,  and  is,  with  rare  exceptions,  always  amalgamated ; 
it  is  then  unattacked  by  the  exciting  solutions  while  the  battery 
is  at  rest ;  and  when  the  battery  is  in  action,  it  is  consumed  in 
exact  proportion  to  the  electricity  produced.  Grold,  platinum, 
graphite  or  carbon,  silver,  copper,  or  iron,  are  used  for  the  nega- 
tive metal ;  and  as  far  as  the  metals  are  concerned,  platinum 
is  employed  in  opposition  with  zinc  to  produce  the  best  combi- 
nation :  gold  is  too  expensive ;  carbon  is  nearly  as  good  as  pla- 
tinum. 

O,  And  I  suppose  that,  having  selected  the  metals  that  are 
most  opposed  to  each  other  in  their  electro-chemical  characters, 
the  power  of  their  combination  varies  with  the  nature  of  the  solu- 
tion used  ? 

T.  Yes;  according  as  the  difference  between  the  chemical 
affinity  of  the  solution  for  the  respective  metals  is  greater,  the 
quantity  of  electricity  produced  is  greater ;  and  it  is  also  greater 
in  proportion  as  the  solution  is  a  better  conductor  of  electricity. 
The  actual  force  of  the  electric  current,  circulating  in  the  con- 
ducting wires  that  are  in  connection  with  a  voltaic  battery,  de- 
pends on  many  circumstances. 

C.  Can  we  understand  these  circumstances  ? 

T,  I  will  endeavour  to  explain  them  to  you.  The  following 
is  Professor  Ohm's  equation  representing  the  forpe  of  a  voltaic 
series : — 

p= 

u  B+r. 

F  represents  the  force ;  e,  the  electro-motive  force  of  each  cell, 
depending  on  the  conditions  I  have  just  given  you ;  b,  the  resist- 
ance opposed  by  each  cell  to  the  passage  through  it  of  the  electric 
current,  which  is  less  according  as  it  conducts  better :  by  cell  is 
here  included  the  liquid  and  the  metals ;  r,  the  resistance  of  the 
conducting  wire,  or  circuit,  whether  part  solid  and  part  liquid,  or 
all  metal ;  n,  the  number  of  cells. 

C.  Then  the  more  I  increase  the  value  of  the  numerator,  or 
upper  term  of  that  fraction,  the  greater  is  the  amount  of  force 
circulating  ? 
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T.  Yes  ;  and  if  you  could  increase  it  to  an  unlimited  eiM 
without  altering  the  denominator,  you  could  have  an  unlinHtd 
supply  of  electricity.  But,  when  the  electro-motive  force  lis  at 
its  maximum  by  using  the  best  solutions,  yoa  can  do  DothiBf 
further  in  that  respect.  You  may  now  increase  the  number  i 
cells  n ;  but  this  also  increases  the  number  of  resistances  k,  nd 
so  your  denominator  is  increased,  and  the  valoe  of  the  firactioD 
is  kept  down.  If  r,  the  resistance  of  the  connecting  wire,  is  ts7 
little,  from  using  a  short  wire,  not  much  advantage  is  gained  1^ 
adding  cells ;  but,  if  the  wire  is  very  long,  cells  are  advantageoody 
added.  These  laws  are  practically  carried  out  in  all  application 
of  electricity. 

C,  Give  us  an  illustration  of  batteries  of  a  more  powerful  das. 

T,  Considerable  attention  has  of  late  been  paid  to  the  subject, 
and  much  anxiety  has  been  evinced  to  obtain  a  really  good  and 
constant  voltaic  combination ;  for  in  the  arrangements  heretofore 
described,  the  power  very  soon  fails.  The  late  Professor  DanieQ, 
of  King's  College,  devised  a  voltaic  combination,  which  in  practice 
has  been  very  much  approved  of:  he  used  two  metals  and  tfo 
liquids.  The  metals  are  zinc  and  copper ;  the  liquids  are  water 
containing  sulphuric  acid,  and  solution  of  sulphate  of  copper. 
The  zinc  is  immersed  in  the  former  and  the  copper  in  the  latter. 
The  two  liquids  are  separated  by  tubes  of  porous  earthenware,  by 
animal  membrane,  canvas,  paper,  &c.,  according  to  the  taste  or 
convenience  of  the  person  using  them. 

C,  What  is  gained  by  this  arrangement  ?  . 

T,  The  solution  of  copper  becomes  decomposed  by  the  electnc 
action  then  going  on ;  and  metallic  copper  is  deposited  upon  the 
copper-plate,  so  that  a  clear  and  perfect  surface  of  metal  is 
maintained ;  and  the  solution  of  zinc  that  is  formed  is  preserved 
separate  from  ^e  copper,  and  does  not,  therefore,  interfere  with 
the  results. 

J.  And  is  this  the  most  powerful  combination  ? 

T,  No:  the  most  powerful  is  the  arrangement  devised  by 
Professor  Grove.  His  metals  are  zinc  and  platinum,  and  his 
liquids,  dilute  sulphuric  acid  and  strong  nitric  acid,  \<&pt  apart  by 
a  cell  of  porous  earthenware.  The  efi^ts  produced  by  only  100 
of  these  are  powerful  in  the  extreme.  The  Chevalier  Bunsen  has 
used  carbon  instead  of  platinum. 

C.  When  I  have  seen  you  busy  m-ith  your  electrotype  ex- 
periments, I  have  often  heard  you  asking  for  your  *'Smee;' 
what  can  that  be  ? 

T.  It  is  a  voltaic  combination  called  after  its  inventor;  but 
be  himself  called  it  the  chemico-^mechanical  battery,  from  its 
properties.    Its  metals  are  zinc  and  silver,  coated  with  find/* 
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divided  platinum;  the  liquid  is  dilute  sulphuric  acid.  When 
this  begins  acting,  a  quantity  of  hydrogen  gas  is  given  off  at 
the  silver  plate:  and  instead  of  partially  adhering  to  the  plate, 
and  obstructing  the  action,  as  would  be  the  case  with  a  smooth 
plate,  the  minute  particles  of  platinum  cause  the  gas  to  ascend 
in  constant  streams,  and  so  give  place  to  the  escape  of  fresh  gas 
and  the  production  of  fresh  action.  I  have  myself,  on  this  hint, 
used  a  similar  battery,  only  instead  of  platinized  silver  I  have  used 
copper,  with  fine  particles  of  copper  thrown  down  upon  it. 

C.  But  where  does  this  gas  come  from  ? 

T.  I  will  show  you  the  experiment  to  which  I  referred 
in  our  last  conversation,  a  b  exhibits  a  glass  tube  filled 
with  wat^r,  and  having  a  cork  at  each  end :  a  and  b  are 
two  pieces  of  platinum  wire,  which  are  brought  to  within 
an  inch  or  two  of  one  another  in  the  tube,  and  the  other 
ends  are  carried  to  the  battery,  viz.,  a  to  what  is  called 
the  positive  end,  and  b  to  the  negative  end. 

(7.  You  have  then  positive  and  negative  in  voltaic  elec- 
tricity ? 

T,  Yes,  and  if  the  circuit  be  interrupted,  the  process 
will  not  go  on.    But  if  all  things  be  as  I  have  just  de-  Fig.  4. 
scribed,  you  will  see  a  constant  stream  of  bubbles  of  gas 
proceed  from  the  wire  b.    This  gas  is  found  to  be  hydrogen,  or 
imflammable  air. 

C  How  is  that  ascertained  ? 

T.  By  making  arrangements  to  collect  them,  and  the  gas  will 
immediately  inflame  on  the  approach  of  a  light.  The  bubbles 
which  proceed  from  the  wire  A  are  oxygen  gas. 

J,  How  is  this  experiment  explained  ? 

T,  The  water  is  decomposed,  or  divided  into  hydrogen  and 
oxygen :  the  hydrogen  is  separated  from  the  water  by  the  wire 
connected  with  the  negative  extremity,  while  the  oxygen  is 
liberated  at  the  positive  end  of  the  battery. 

If  I  connect  the  positive  end  of  the  battery  with  the  lower 
wire,  and  the  negative  with  the  upper,  then  the  hydrogen  pro- 
ceeds from  the  upper  wire,  and  the  oxygen  from  the  lower 
wire. 

J,  Why  did  you  emjdoy  platinum  wire  ? 

T.  Because  1  wished  to  avail  myself  of  a  property  which 
platinum  has,  of  not  having  any  great  affinity  for  oxygen. 
Unless  I  had  done  this,  I  could  not  have  shown  yoil  the  two 
gases;  for,  had  I  used  copper,  the  oxygen,  instead  of  making 
its  appearance,  would  have  combined  with  the  copper,  for 
which  it  has  a  great  affinity,  and  would  have  produced  an  oxide 
of  copper. 
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C.  Are  there  no  means  of  collecting  these  gases  separately? 

T.  Yes ;  instead  of  making  use  of  tbe 
tube,  let  the  extremities  of  the  wires,  vfaidi 
proceed  from  the  battery,  be  immersed  in 
water  at  the  distance  of  an  inch  from  ead 
other;  then  suspend  over  each  a  gbs 
vessel,  inverted,  and  full  of  water,  and  tiie 
different  kinds  of  gas  will  be  found  in  tlie 
^*  **  two  glasses. 

An  arrangement  of  this  kind  properly  mounted,  and  baTii^ 
the  glass  vessels  dulv  graduated,  is  termed  a  voltameter,  because  tt 
measures  the  quantity  of  electricity  passing  through  it  by  the 
quantity  of  gas  evolved.  The  name  was  given  by  Dr.  Faraday, 
who  investigated  this  branch  of  the  science  very  fully. 

It  is  known  that  hydrogen  gas  reduces  the  oxides  of  metak, 
that  is,  restores  them  to  their  metallic  state.  If,  therefore,  the 
tube  be  filled  with  a  solution  of  acetate  of  lead***  in  distilled  water, 
and  a  communication  be  made  with  the  battery,  no  gas  is  perceiwd 
to  issue  from  the  wire,  which  proceeds  from  the  negative  end  of 
the  battery,  but  in  a  few  minutes  beautiful  metallic  needles  may 
be  seen  on  the  extremity  of  the  wire. 

J,  Is  this  the  lead  separated  from  the  fluid  ? 

T.  It  is ;  and  you  perceive  it  is  in  a  perfect  metallic  state, 
and  very  brilliant.  Let  the  operation  proceed,  and  these 
needles  will  assume  the  form  of  fern,  or  some  other  vegetable 
substance. 

C,  Can  other  metals  be  separated  in  like  manner  ? 

T.  Yes:  as,  for  instance,  if  you  pass  the  voltaic  current 
through  a  solution  of  sulphate  of  copper,  you  release  the  copper; 
and  by  using  a  battery,  the  power  of  which  is  somewhat  mode- 
rate, you  may  obtain  the  copper,  in  a  compact  malleable  form. 
And  if,  in  addition  to  this,  you  use  a  metal  mould  of  any  object, 
the  released  copper  takes  the  form  of  this  mould,  and  you  obtaia 
an  electrotype, 

O.  And  is  electrotyping  so  easy  as  this  ? 

T,  Much  easier;  get  me  a  nail  and  a  little  piece  of  thin 
copper  wire.  Twist  one  end  of  the  wire  round  the  nail ;  warm 
the  other  end,  and  press  it  upon  the  edges  of  the  seal  that  I  will 
break  off  from  the  letter  you  have  just  received  from  your  sister 
Emma  :  and  I  dare  say  we  can  manage  that  you  shall  answer  the 
letter  by  to-night's  post,  and  seal  it  with  the  same  impression  that 
she  employed. 

C.  What ;  can  we  do  this,  and  in  so  short  a  time  ?     I  shall  be 

*  Acetate  of  lead  is  a  solution  of  lead  in  acetous  acid. 
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delighted  ;  Emma  will  be  so  astonished;  she  will  fancy  that,  hy 
some  means  or  other,  we  must  have  obtained  her  seal. 

T,  Moisten  the  surface  of  the  seal  with  spirits-of-wine,  while 
James  runs  down  stairs  to  ask  Mary  for  a  little  black-lead.  Polish 
the  surface  with  black-lead.  You  have  now  a  voltaic  pair  ready, 
the  metals  being  iron  and  black-lead.  For  liquids,  take  weak 
diluted  sulphuric  acid  and  solution  of  sulphate  of  copper.  Put 
the  sulphate  of  copper  into  a  tumbler ;  sew  a  card  into  a  kind  of 
bag,  and  wax  the  edges  that  it  may  not  leak ;  fill  it  with  the  acid 
water :  place  the  nail  in  it,  and  bend  the  wire,  so  that  the  seal 
may  hang  over  the  side ;  place  the  whole  in  the  tumbler  of  sulphate 
of  copper,  when  the  seal  will  become  immersed  in  the  solution. 
Leave  it  still  for  six  or  eight  hours,  when  you  will  find  a  thick 
piece  of  copper  has  deposited  on  the  seal ;  which  is  an  accurate 
copy  of  the  seal. 

J,  And  is  this  the  plan  by  which  the  many  large  electrotypes 
are  obtained  ? 

T.  The  principle  is  the  same,  but  modified  according  to  cir- 
cumstances. When  you  were  last  at  the  Museum  of  Economic 
Geology,  you  saw  the  large  casts  of  Alexander's  triumph,  which 
I  prepared  for  that  institution.  They  are  two  feet  wide,  by  two 
or  three  long.  This  was  my  plan :  a  large  strong  flat  wooden 
trough,  containing  upwards  of  100  gallons  of  sulphate  of  copper, 
was  prepared ;  a  plaster-mould  of  the  object  was  provided  with  a 
metallic  surface,  and  well  black-leaded.  This  was  sunk  in  the 
trough,  face  upward,  and  was  connected  by  a  wire  with  the 
negative  end  of  a  voltaic  battery.  A  large  sheet  of  copper  was 
suspended  over  this,  and  was  connected  with  the  positive  end  of 
the  battery ;  the  battery  was  kept  in  action  for  a  few  weeks,  and 
the  cast  was  then  broken  away. 

J,  But  the  battery  must  have  had  enormous  power  ? 

T,  Not  at  all :  it  consisted  of  only  two  cells ;  the  metals  were 
zinc,  and  rough  copper,  each  presenting  a  surface  of  about  six 
square  feet ;  the  liquid  was  acid  water. 

C.  I  now  see  how  electro-plating  must  be  done :  for  if  some 
solution  of  silver  were  used  instead  of  copper,  the  deposit  would 
be  of  silver,  of  course  ;  and  so  with  other  metals. 

T.  Yes  :  and  the  whole  art  of  electro-metallurgy,  or  working  in 
metals  by  electricity,  consists  in  making  a  good  selection  of  solu- 
tions, and  carefully  adjusting  the  power  of  the  battery  to  the  work 
to  be  done. 

J,  What  was  the  large  sheet  of  copper  for,  in  your  great  expe- 
riment ? 

Tu  Of  course,  in  proportion  as  copper  is  released  from  the 
trough,  and  deposited  upon  the  mould,  the  solution  becomes 
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weaker ;  but  you  remember  I  just  now  told  you  that,  in  cases  of 

electro-chemiod  decomposition^  the  oxygen  does  not  appear  at  the 

copper  surface,  but  combines  with  the  metal,  and  produces  an 

oxide. 

.    J.  Oh !  I  see  :  and  while  copper  is  taken  out  of  the  solution  at 

the  mould,  it  is  taken  in  at  the  copper  surface,  and  so  the  strength 

of  the  solution  is  not  diminished. 

T,  You  are  right ;  and  this  leads  me  to  speak  of  electro-etching. 
You  can  readily  imagine  that  if  one  half  of  the  copper-plate  had 
been  varnished  over,  that  part  would  have  been  protected  from 
the  oxygen,  and  would  not  have  dissolved.  Now,  by  first  cove^ 
ing  the  whole  plate  with  varnish,  and  then  tracing  any  design 
through  to  the  copper,  the  oxygen  would  only  attack  the  exposed 
parts,  and  so  etcn  out  a  design.  For  the  various  details  con- 
nected with  Electrotype  Manipulation,  I  must  refer  you  to  the 
printed  manuals. 

C.  Is  not  the  operation  of  the  battery  very  powerful  ? 

T,  The  spark  from  a  voltaic  battery  acts  with  wonderful  ac- 
tivity upon  all  inflammable  bodies ;  and  experiments  made  in  a 
dark  room,  upon  gunpowder,  charcoal,  metallic  wire,  and  metallic 
leaves,  &c.  may  be  rendered  very  amusing. 

J.  Has  not  the  voltaic  battery  been  applied  to  the  decompo- 
sition of  certain  substances,  that  were  formerly  supposed  to  be 
simple  bodies  ? 

T,  Sir  Humphry  Davy,  by  means  of  a  very  powerful  battery, 
was  enabled  to  decompose  the  alkalies,  many  of  the  earths ;  also 
the  boracic,  fluoric,  and  muriatic  acids.  His  first  experiments 
were  on  potash  and  soda,  which,  instead  of  being  simple  bodies, 
are  found  to  consist  of  certain  metallic  substances  and  oxygen. — 
See  "  Dialogues  on  Chemistry.*' 

(7.  Did  he  decompose  these  substances  by  placing  them  within 
the  circuit  of  the  voltaic  fluid  ? 

T.  He  did ;  in  a  manner  very  similar  to  what  you  have  seen  in 
the  experiments  with  the  apparatus.  The  allcalies,  &c.  were 
placed  on  the  glass,  and  the  two  wires  brought  from  the  positive 
and  negative  ends  of  the  battery. 

J,  Did  the  wires  partake  of  the  like  properties  with  the  two 
ends  of  the  battery  ? 

71  They  did ;  one  wire  was  positive,  and  the  other  negative. 
It  was  then  found,  after  the  action  of  the  battery,  that  of  the  two 
substances  of  which  the  alkali  was  composed,  one  uniformly  went 
to  the  positive,  and  the  other  to  the  negative  wire. 

(7.  You  said  the  alkali  was  discovered  to  consist  of  a  rtietal  and 
oxygen ;  which  of  these  united  with  the  positive,  and  which  with 
the  negative  wire  ? 
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T,  The  oxygen  was  found  at  the  end  of  the  positive  wire,  and 
the  metal  at  the  negative  end. 

C.  I  notice  that  oxygen  and  hydrogen  always  appear  in  the 
same  places.  Is  there  a  constant  regularity  in  the  appearance  of 
other  bodies  ? 

T,  If  an  electric  current  is  passing  through  a  solution,  the 
rule  is,  that  oxygen,  chlorine,  iodine,  bromine,  fluorine,  cyanogen, 
and  the  acids  are  liberated  where  the  current  enters  the  solution  ; 
and  that  hydrogen,  the  metajs,  and  the  alkalies  are  liberated 
where  the  current  leaves  the  solution ;  also,  that,  in  mixed  solu- 
tions, the  elements  are  liberated  according  to  a  certain  known 
order ;  as,  for  instance,  hydrogen  is  released  sooner  than  zinc,  and 
zinc  sooner  than  gold. 

(7.  Do  chemical  qualities  depend  on  electrical  powers  ? 

T,  They  are  seen,  as  far  as  experiments  have  gone,  to  coincide 
with  certain  .electrical  states  of  bodies  in  general.  Acids,  as  we 
have  observed,  go  to  the  positive  pole  ;  alkalies,  to  the  negative. 
Inflammable  bodies  go  to  the  negative ;  and  are  all  found  to  lose 
the  peculiar  properties  and  power  of  combination  by  a  change  of 
their  electrical  states. 

A  remarkable  application  of  electro-chemical  decomposition 
occurs  in  certain  forms  of  the  electric  telegraph ;  of  which  the 
most  successful  is  Bain's  chemical  printing  telegraph.  Paper  is 
dipped  in  a  solution  that  is  easily  decomposed  by  voltaic  electri- 
city ;  and  is  made  to  move  by  clock-work  in  front  of  a  point  from 
which  the  telegraph  current  passes  through  the  paper,  in  order 
to  complete  its  journey ;  as  it  passes  it  decomposes  the  liquid, 
and  makes  a  coloured  mark.  If  it  passes  for  a  moment,  this 
mark  is  a  dot ;  if  for  a  little  longer,  the  mark  is  a  long  dot  or 
line.  The  alphabet  is  constructed  from  a  combination  of  these 
dots.  A  is  one  dot  and  one  line ;  B,  three  lines ;  C,  three  dots, 
and  so  on. 


CONVERSATION  IV. 

Miscellaneous  Experiments, 

T,  The  discoveries  of  Galvani  were  made  principally  with  dead 
frogs :  from  his  experiments,  and  many  others  that  have  been 
made  since  his  time,  it  appears  that  the  nerves  of  animals  may  be 
aflected  by  smaller  quantities  of  electricity  tham  any  other  sub- 
stances with  which  we  are  acquainted.  Hence  limbs  of  animals 
properly  prepared  have  been  much  employed  for  ascertaining  the 
presence  of  voltaic  electricity. 

C,  What  is  the  method  of  preparation  ? 
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T,  I  have  been  cautious  in  mentioning  experiments  on  animals, 
lest  they  should  lead  you  to  trifle  with  their  feelings :  I  must, 
however,  to  render  the  subject  more  complete,  tell  you  what  has 
been  done. 

The  muscles — that  is,  the  flesh — of  a  frog  lately  dead  and  skinned 
may  be  brought  into  action  by  means  of  very  small  quantities  of 
common  electricity. 

If  the  leg  of  a  frog  recently  dead  be  prepared^  that  is,  sepa- 
rated from  the  rest  of  the  body,  having  a  small  portion  of  the 
spine  attached  to  it,  and  the  nerves  exposed,  and  so  situated  that 
a  little  electricity  may  pass  through  them,  then  the  leg  will  be 
instantly  affected  with  a  kind  of  spasmodic  contraction,  some- 
times so  strong  as  to  jump  a  considerable  distance. 

It  is  now  known  that  similar  effects  may  be  produced  in  the 
limb  thus  prepared^  by  only  making  a  communication  between 
the  nerves  and  the  muscles  by  a  conducting  substance.  Thus,  in 
an  animal  recently  dead,  if  a  nerve  be  detached  from  the  siu^ 
rounding  parts,  and  the  coverings  be  removed  from  over  the 
muscles  which  depend  on  that  nerve,  and  if  a  piece  of  metal,  as  a 
wire,  touch  the  nerve  with  one  extremity,  and  the  muscle  with  the 
other,  the  limb  will  be  convulsed. 

(7.  Is  it  neceasary  that  the  communication  between  the  nerve 
and  the  muscle  should  be  made  with  a  conducting  substance  ? 

T,  Yes,  it  is :  for  if  sealing-wax,  glass,  &c.,  be  used,  instead 
of  metals,  no  motion  will  be  produced. 

If  part  of  a  nerve  of  a  prepared  limb  be  wrapped  up  in  a  slip 
of  tinfoil,  or  be  laid  on  a  piece  of  zinc,  and  a  piece  of  silver  be 
laid  with  one  end  upon  the  muscle,  and  with  the  other  on  the  tin 
or  zinc,  the  motion  of  the  limb  will  be  very  violent. 

Here  are  two  wine-glasses,  almost  full  of  water,  and  so  near 
each  other  as  barely  not  to  touch.  I  put  the  prepared  limb  of 
the  ivog  into  one  glass,  and  lay  the  nerve,  which  is  wrapped  up 
in  tinfoil,  over  the  edges  of  the  two  glasses,  so  that  the  tin  may 
touch  the  water  of  the  glass  in  which  the  limb  is  not.  If  I  now 
form  a  communication  between  the  water  in  the  two  glasses,  by 
means  of  silver,  as  a  pair  of  sugar-tongs,  or  put  the  fingers  of 
one  hand  into  the  water  of  the  glass  that  contains  the  leg,  and 
hold  the  piece  of  silver  in  the  other,  so  as  to  touch  the  coating 
of  the  nerves  with  it,  the  limb  will  be  immediately  excited,  and 
sometimes,  when  the  experiment  is  well  made,  the  leg  will  even 
jump  out  of  the  glass. 

c7.  It  is  very  surprising  that  such  kind  of  motions  should  be 
produced  in  dead  animals. 

T.  They  may  be  excited  also  in  living  ones :  if  a  live  frog  be 
placed  on  a  plate  of  zinc,  having  a  slip  of  tinfoil  upon  its  back,  and 
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a  communication  be  made  between  the  zinc  and  tinfoil,  by  a  piece 
of  metal,  as  silver,  the  same  kind  of  contraction  will  take  place. 

C  Can  this  experiment  be  made  without  injury  to  the  animal  ? 

T,  Yes ;  and  so  may  the  following :  I  take  a  live  flounder,  and 
dry  it  with  a  cloth,  and  then  put  it  on  a  pewter  plate,  or  upon  a 
large  jnece  of  tinfoil,  and  place  a  piece  of  silver  on  its  back ;  I 
now  make  a  communication  between  the  metals  with  any  con- 
ducting substance,  and  you  see  the  contractions,  and  the  fish'9 
uneasiness.     The  fish  may  now  be  replaced  in  the  water. 

I  place  this  leech  on  a  crown  piece,  and  then,  in  its  endeavour 
to  move  away,  let  it  touch  a  piece  of  zinc  with  its  mouth,  and  you 
will  see  it  instantly  recoil,  as  if  in  great  pain :  the  same  thing 
may  be  done  with  a  worm. 

It  is  believed  that  all  animals,  whether  small  or  great,  may  be 
affected  in  some  such  manner  by  voltaic  electricity,  though  in 
different  degrees. 

M.  Matteucci  has  added  much  to  our  knowledge  of  electro- 
physiology.  You  may  remember  that,  in  voltaic  electricity,  a 
certain  chemical  action  always  takes  place,  and  this,  by  the 
soundest  philosophers,  is  believed  to  be  the  cause  of  the  electrical 
action  ;  and  it  is  shown  that,  in  all  cases  of  cheniical  action,  there 
is  a  correspondent  amount  of  electrical  action,  which  by  proper 
arrangement  may  be  rendered  manifest.  Now,  the  muscles  of 
animals  are  produced  by  certain  chemical  actions,  by  which  the 
'  food  enters  into  new  combinations. 

C.  Yes,  undoubtedly ;  but  you  do  not  surely  mean  to  say  that 
a  certain  amount  of  electricity  is  produced  ? 

T,  I  do :  and  if  pieces  of  flesh  are  properly  arranged,  the  elec- 
tricity may  be  obtained.  On  account  of  the  great  tenacity  of 
life  in  fi'ogs,  it  is  best  shown  in  these  animals.  Several  frogs  are 
killed ;  and  the  skin  being  removed  from  their  legs,  several  legs 
from  the  knee  upwards  are  collected,  and  placed  in  order  one 
against  the  other,  like  so  many  zincs  and  coppers  in  an  ordinary 
voltaic  pile ;  and  then,  by  applying  proper  apparatus,  a  current 
of  electricity  can  be  collected. 

C.  Well,  this  is  curious ;  and  have  we  currents  of  electricity  in 
the  same  way. 

T.  Yes,  indeed  we  have ;  but  as  human  flesh  is  not  so  tena- 
cious of  life  as  frog's  flesh,  an  opportunity  does  not  often  occur 
to  test  this.  But  unfortunately,  or,  perhaps,  for  his  sake  we 
should  say  fortunately,  Matteucci  received  a  violent  kick  from  a 
horse,  which  laid  bare  the  muscles  of  his  leg  :  instead  of  at  once 
allowing  the  surgeon  to  dress  the  wound,  he  experimented  upon 
the  bare  flesh,  and  discovered  that  human  muscle  produced  an 
electric  effect. 
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C,  And  pray,  sir,  how  did  he  test  the  presence  of  electricity? 

T,  By  means  of  a  galvanoscopic  frog^  that  is  to  say,  a  frojf's 
leg  with  a  piece  of  the  nerve  hanging  exposed  ;  on  allowing  the 
nerve  to  touch  the  inside  and  the  outside  of  the  wound,  the  limb 
of  the  frog  contracted  violently.  It  is  a  rule,  that  if  a  current 
of  electricity  passes  along  a  part  of  a  nerve,  the  whdU  of  the 
nerve  is  excited,  and  the  memher  to  which  tlie  nor»e  Mongs  is 
contracted. 

(7.  I  am  afraid,  then,  iSaaX,  we  shall  never  have  an  opportunity 
of  seeing  that  the  human  body  is  a  generator  of  electricity,  if  tiiis 
is  the  mode  of  showing  it 

T,  The  fact  has  been  demonstrated  in  another  form  by  M.  Do 
Bois  Raymond.  He  places  the  fore-finger  of  each  hand  into  a 
vessel  of  water,  the  vessels  being  in  connection  with  a  delicate 
instrument,  which  will  indicate  the  presence  of  very  minute 
quantities  of  electricity,  should  such  be  produced.  He  then 
strongly  contracts  all  the  muscles  of  one  of  his  arms,  and  the 
needle  of  the  instrument  immediately  indicates  the  presence  of  a 
current  moving  from  the  hand  to  the  shoulder  of  the  arm  that  has 
been  contracted.  The  current  is  extremely  feeble,  and  is  less 
with  persons  of  small  muscular  power,  and  is  less  also  with  the 
left  arm  than  with  the  right ;  the  right  arm,  from  use,  being  the 
more  powerful.  When  the  arm  is  at  rest,  there  is  a  current  in 
the  direction  from  the  shoulder  to  the  hand. 

J,  Has  he  discovered  anything  more  respecting  this  electridty 
that  we  appear  to  generate  within  ourselves,  and  to  carry  about 
with  us. 

T,  He  has  published  a  large  book  on  the  subject,  of  which  an 
abridgment  has  been  made  by  Dr.  Bence  Jones.  He  has  con- 
cluded that  the  nerves  and  brain,  as  well  as  the  muscles,  are,  ^ 
during  life,  endowed  with  electro-motive  powers ;  that  from  the 
surface  along  the  length  of  the  muscle,  the  positive  electricity 
is  derived,  and  from  the  surface  across  the  muscle,  n^ative 
electricity  is  derived;  that  every  minute  particle  of  muscle  or 
nerve  acts  in  like  manner  to  the  whole  :  that  the  electricity  we 
collect  by  due  contrivances,  is  a  very  minute  portion  of  incom- 
parably more  intense  currents  circulating  around  the  ultimate 
particles  of  the  muscles  and  nerves ;  that  this  power  lasts  after 
death,  as  long  as  the  muscular  or  nervous  excitability  endures : 
that  the  electro-motive  power  is  in  proportion  to  the  mechanioJ 
powers  of  the  muscle ;  that  the  natural  current  of  muscles  un- 
dergoes a  negative  change  during  the  act  of  contraction,  but  it 
is  not  clear  whether  it  diminishes,  vanishes,  or  changes  in  its 
direction.  He  has  declared  other  facts,  to  which  I  need  not  now 
refer. 
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By  the  knowledge  already  obtained  in  this  science,  the  follow- 
ing facts  are  readily  explained : — 

Pure  mercury  retains  its  metallic  splendour  during  a  long 
time :  but  its  amalgam  with  any  other  metal  is  soon  tarnished  or 
oxidated:  the  two  metals  and  the  moisture  of  the  atmosphere 
constituting  a  voltaic  circuit,  in  which  one  of  the  metals  is  acted 
upon,  as  you  saw  the  copper  Wire  by  which'the  electricity  entered 
an  acid  solution. 

Ancient  inscriptions  engraved  upon  pure  lead  are  preserved  to 
this  day,  whereas  some  metals  composed  of  lead  and  tin,  of  no 
great  antiquity,  are  very  much  corroded,  for  the  same  reason. 

Works  of  metal,  whose  parts  are  soldered  together  by  the  in- 
terposition of  other  metals,  soon  oxidate  about  the  parts  where 
the  different  metals  are  joined.  And  there  are  persons  who 
profess  to  find  out  seams  in  brass  and  copper  vessels  by  the  tongue 
which  the  eye  cannot  discover;  and  they  can,  by  this  means, 
distinguish  the  base  mixtures  which  abound  in  gold  and  silver 
trinkets. 

When  the  copper  sheeting  of  ships  is  festened  on  by  means  of 
iron  nails,  those  nails,  but  particularly  the  copper  itself,  are  very 
quickly  corroded  about  the  place  of  contact. 

A  piece  of  zinc  may  be  kept  in  water  a  long  time,  with  scarcely 
any  oxidation ;  but  the  oxidation  takes  place  very  soon  if  a  piece 
of  silver  touch  the  zinc,  while  standing  in  the  water. 

If  a  cup  made  of  zinc  or  tin  be  filled  with  water,  and  placed 
upon  a  silver  Waiter,  and  the  tip  of  the  tongue  be  applied  to  the 
water,  it  is  found  to  be  insipid ;  but  if  the  cup  be  held  in  the 
hand,  which  is  well  mobtened  with  water,  and  the  tongue  applied 
as  before,  an  acid  taste  will  be  perceived. 

C,  Is  that  owing  to  the  circuit  being  made  complete  by  the 
wet  hand  ? 

T.  It  is.  Another  experiment  of  a  similar  kind  is  the  follow- 
ing:— if  a  tin  basin  be  filled  with  soap-suds,  lime-water,  or  a 
strong  ley,  and  then  the  basin  be  held  m  both  hands,  moistened 
with  pure  water,  while  the  tongue  is  applied  to  the  fluid  in  the 
basin,  an  acid  taste  will  be  sensibly  perceived,  though  the  liquor 
is  alkaline. 

From  the  voltaic  experiments,  of  which  I  have  thus  presented 
you  with  a  short  account,  it  has  been  inferred : — 

1st.  That  voltaism  has  all  the  properties  of  ordinary  elec* 
tricity. 

2nd.  That  it  is  produced  by  the  chemical  action  of  bodies  upon 
each  other. 

3rd.  That  the  oxidation  of  metals  produces  it  in  great  quan- 
tities. 
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4th.  That  it  is  conducted  by  the  same  substances  as  commoa 
electricity. 

5th.  That  the  electricity  produced  by  the  torpedo  and  gym- 
notus,  as  well  as  that  derived  from  living  animal  tissues  general]/, 
is  identical  with  all  other  electricity. 
$  

CONVERSATION  V. 

On  ElecirO'Magnetism, 

T.  At  the  end  of  the  Conversations  on  Magnetism  I  promised 
to  give  some  farther  account  of  the  recent  discoveries  tending  to 
establish  a  connection  between  voltaic  electricity  and  magnetism. 
I  may  now  redeem  that  pledge. 

Some  years  ago  several  philosophers  attempted  to  influence 
the  magnetic  needle,  by  placing  it  in  the  open  galvanic  circuit; 
but  no  effect  was  perceptible.  Mr.  Oersted,  secretary  to  the 
Royal  Society  of  Copenhagen,  however,  repeated  the  experiment 
when  the  galvanic  circle  was  complete ;  and  immediately  found  that 
the  magnetic  needle,  when  placed  near,  was  moved  from  its  position. 

J,  And  this  is  electro-magnetism  ? 

T,  And  the  general  expression  for  the  eflfects,  is  that  an  elec- 
tric current  will  make  a  magnetic  needle  place  itself  at  right 
angles  to  the  said  current ;  and  a  magnet  will  make  an  electric 
current  rest  at  right  angles. 

C,  And  will  not  ordinary  electricity  produce  a  similar  efifect? 

T.  Yes ;  if  you  so  modify  it  as  that  it  shall  take  the  current 
form,  which  can  be  managed  by  proper  contrivance ;  always  bear- 
ing in  mind  that  a  current  or  completion  of  the  electric  circuit  is 
necessary. 

(7.  Of  course  the  direction  in  which  the  needle  moves  must  be 
regulated  according  to  fixed  laws  ? 

T.  Yes:  place  this  compass-needle  on  the  table  before  you,  so 
that  the  north  end  of  the  needle  shall  point  toward  you ;  and  if 
you  then  imagine  an  electric  current  flowing  down  you,  from  the 
head  to  the  feet,  the  north  end  of  the  needle  would  move  toward 
the  right.  By  thb  simple  rule  you  may  always  determine  the 
direction  a  needle  would  take  under  all  circumstances.  If,  for 
instance,  it  had  been  a  south  end  at  which  you  were  looking,  it 
would  have  moved  to  the  left ;  if  the  current  had  been  flowing 
from  your  feet  upward,  and  the  north  end  had  been  before  you,  it 
would  have  moved  to  the  left.  As  the  needle  and  current  are 
nearer  to  each  other,  the  action  is  more  energetic ;  as  it  also  is  in 
proportion  as  the  current  is  greater. 
e7.  You  said  that  a  magnet  would  move  a  current  ? 
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T,  Yes :  if  you  imagine  a  magnet  fixed  with  the  north  end 
toward  the  current,  and  the  current  were  descending,  the  action 
of  the  magnet  would  be  to  move  the  current  to  the  left. 

C,  I  suppose  if  a  descending  current  acted  on  the  north  end,  at 
the  same  time  an  ascending  current  acted  on  the  south  end,  the 
efifect  would  be  proportionately  increased. 

T,  Yes ;  and  if  you  bend  a  piece  of  wire  into  an  oblong  quad- 
rangle, and  suspend  the  needle  within  this  wire,  you  form  an 
arrangement,  in  which  the  opposite  ends  of  the  needle  are  simul- 
taneously acted  upon  by  different  parts  of  the  same  current 
moving  in  relatively  different  directions,  and  the  effect  is  in- 
creased. This  instrument  is  the  nucleus  of  the  galvanometer. 
The  galvanometer  consists  of  several  convolutions  of  copper  wire 
covered  with  silk  or  cotton,  with  a  compass-needle  suspended 
within ;  it  is  furnished  with  a  circular  card,  divided  into  degrees ; 
and  the  number  of  degrees  to  which  the  needle  is  deflected 
bears  some  relation  to  the  power  in  motion.  The  galvanometer 
is  variously  arranged,  according  to  the  force  and  quantity  of  the 
current  to  be  measured ;  sometimes  being  made  of  a  short  piece 
of  very  stout  wire,  and  at  other  times  of  an  immense  quantity  of 
very  fine  wire. 

While  describing  the  galvanometer,  I  must  tell  you  of  one  of 
its  applications  that  is  most,  marvellous,  namely,   the  Electric 
Telegraph.    You  are  aware  that  electricity  travels  at  an  enor- 
mous velocity,  so  that  to  pass  over  a  few  hundred  miles  occu- 
pies literally  no  time  at  all.    A  galvanometer  properly  mounted 
is  placed,  for  instance,  at  Dover,  and  another  at  London,  and  a 
current  of  electricity  is  sent  along  them  both  at  the  same  time 
by  means  of  wires  properly  erected  between  the  places;  and 
thus  whatever  deflection  is  produced  on  one  is  produced  on  the 
other.    By  certain  adjustments,  an  ascending  or  a  descending 
current  may  be  sent  at  pleasure  through  these  galvanometers, 
and  thus  a  left-hand  or  right-hand  movement  of  the  needle  may 
be  obtained.     By  previously  arranging  that  a  certain  motion  or 
motions  one  way  or  the  other  shall  represent  the  respective 
letters  of  the  alphabet,  correspondence  is  easily  managed.    For 
instance,  two  deflections  to  the  left  represent  A;  three,  B; 
four,  C ;  one  to  the  right  and  one  to  the  left,  D ;  one  to  the 
right  and  two  to  the  left,  £ ;  and  so  on.    Instruments  of  this 
kind,  with  various  modifications,  the  invention  of  Messrs.  Cooke 
and  Wheatstone,  are  being  extensively  adopted  on  the  difierent 
railways  in  England  and  on  the  Continent.    So  wonderfully  rapid 
has  been  the  progress  of  the  electric  telegraph,  that  a  complete 
army  of  inventors  have  followed  on  each  other's  steps  and  have 
vrested  from  electrical  science  almost  every  form  in  which  the 
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force  can  be  made  available.  Many  of  these  inventions  are 
beautifully  ingenious,  but  not  practical ;  many  are  modifications 
or  amplincations  of  previous  contrivances.  The  whole  of  tbe 
civilized  globe  is  rapidly  becoming  interlaced  with  telegraph 
wires;  and  by  one  of  those  most  extraordinary  coincidences, 
gutta  percha  was  discovered  at  the  very  time  when  telegraph 
engineers  were  crying  out  for  something  to  help  them  over  the 
difficulties  that  b^et  them  in  their  endeavours  to  obtiun  perfect 
insulation  under  all  circumstances.  This  was  soon  followed  by 
propositions,  most  successfully  carried  out,  of  crossing  rivers  and 
harbours,  and  finally  the  British  Channel,  with  wire  covered  ¥dth 
thb  valuable  insulating  substance,  and  further  protected  ftom 
damage  by  hempen  and  wire  ropes.  M.  Siemens  in  Prussia,  and 
Mr.  C.  V.  Walker  in  England,  were  the  first  to  use  gutta  percha 
wires ;  the  latter  were  made  at  Streatham  by  Mr.  Forster.  On 
the  Dover  Railway  alone  there  are  nearly  a  hundred  instruments 
distributed  among  the  respective  stations,  which  are  in  un- 
ceasing activity  throughout  the  whole  of  the  day,  telegraphing 
the  movement  of  every  train,  and  conveying  intelligence  from 
place  to  place.  So  familiar,  indeed,  and  so  certain  have  they 
become,  that  a  person  in  Loudon  holds  communication  with 
another  in  Dover  as  familiarly  as  if  they  were  in  the  same  room. 

C,  This  is  almost  miraculous.  I  saw  the  instrument  in  use  the 
last  time  I  was  at  Tunbridge  ;  I  had  left  my  carpet-bag  at  Dover, 
and  in  less  than  five  minutes  I  learned  that  it  was  all  safe,  and 
was  coming  on  by  the  next  train. 

T,  I  have  already  spoken  of  the  mutual  action  of  magnets  on 
electric  currents ;  I  must  now  tell  you  that  electric  currents  act 
upon  each  other  ;  the  rule  being  that  similar  currents  attract,  and 
dissimilar  repel.  The  complicated  actions  arising  from  converging 
and  diverging,  from  direct  and  circular,  currents  are  detailed  at 
large  in  treatises  on  electro-dynamics. 

J,  But  you  have  not  yet  shown  us  how  the  continued  motion 
is  produced  which  I  see  in  many  pieces  of  apparatus  at  the 
Polytechnic  and  elsewhere. 

T.  You  noticed  that  a  descending  current  made  the  north  end 
of  the  needle  move  to  the  right ;  at  the  same  time  it  was  acting 
on  the  south  end,  although  farther  removed,  and  caused  it  to 
move  to  the  left.  When  these  two  forces  were  in  equilibrio,  the 
needle  came  to  rest;  but  if  there  had  been  no  south  end  to  act 
upon,  or  the  force  of  the  current  were  lost  before  it  could  act 
upon  the  south  end,  the  north  end  would  continue  going  to  the 
right,  and  a  constant  motion  would  be  the  result.  Imagine  yourself 
standing  on  the  surface  of  a  circular  pond  of  water,  with  an  electric 
current  descending  ^and  [passing  out  of  your  feet,. and  d^ffiiging 
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itself  in  the  water ;  then  imagine  a  magnet  floated  vertically  in 
the  water  by  a  wooden  float,  so  that  its  north  end  is  above  the 
water.  The  tendency  of  this  magnet  would  be  to  move  to  the 
right ;  and  if  it  were  properly  guided,  you  would  And  it  continue 
to  rotate  as  long  as  the  current  passed. 

C,  But  why  does  not  the  action  of  the  current  on  the  south 
pole  counteract  this  motion  ? 

T,  Because  the  current  exists  only  above  the  surface.  On  the 
surface,  it  is  difilised  and  cbmparatively  lost,  and  the  south  end  is 
too  low  in  the  water  to  feel  the  influence  of  the  current  And  now 
if  you  examine  all  these  arrangements,  3'ou  will  find  that  the 
current  is  made  to  act  on  one  pole  only  of  the  magnet,  or  one 
pole  only  is  made  to  act  on  the  current.  If  you  keep  this  one  idea 
m  mind,  and  divest  yourself  of  all  complication  of  ideas,  you  will 
readily  be  able  to  analyse  all  these  apparently  complex  pieces  of 
apparatus,  and  will  understand  the  real  principle  far  more  readily 
than  you  would  were  I  to  harass  you  with  a  description  of  some 
of  the  many  arrangements.  I  ought  to  tell  you  that  Faraday  was 
the  first  to  produce  a  magnetic  rotation. 

C,  But  I  have  seen  a  little  piece  of  rotating  apparatus,  which 
I  have  heard  you  call  your  Ritchie,  that  does  not  depend  on  this ; 
for  I  have  seen  both  poles  active. 

1\  True;  this  depends  on  another  property  of  electric  cur- 
rents. If  an  electric  current  passes  round  a  piece  of  iron,  the 
iron  becomes  a  magnet  for  the  time  being.  Now  a  wooden  dish, 
divided  into  two  cells  by  a  partition,  is  placed  between  the  poles 
of  a  horse-shoe  magnet ;  a  little  piece  of  soft  iron,  coated  with 
copper  wire,  is  balanced  on  a  pivot  over  this  dish,  and  the  two 
ends  of  the  wire  dip  into  the  respective  cells  of  mercury,  which 
are  connected  Ynih  the  respective  ends  of  the  battery.  When  the 
current  passes,  the  two  ends  of  the  bit  of  soft  iron  become 
magnetic  poles,  and  move  in  obedience  to  the  attractive  power  of 
the  magnet ;  but  the  momentum  they  acquire  carries  the  ends  of 
the  wire  across  the  partition,  and  as  they  change  cells,  the  direc- 
tion of  the  current  is  altered,  and  the  poles  change ;  so  that, 
instead  of  remaining  at  what  would  have  been  its  place  of  rest, 
the  piece  of  iron,  which,  by-the-by,  is  termed  an  electro-magnet, 
is  carried  onward,  and  so  we  have  a  continued  rotation. 

C,  Could  not  this  power  be  employed  for  practical  purposes  ? 

T,  It  has  been  applied  on  a  small  scale ;  but  no  arrangement 
has  yet  been  devised,  which  is  sufficiently  sure  and  powerful,  and 
at  the  same  time  economical,  as  to  permit  of  its  being  introduced 
in  the  arts. 

While  speaking  of  electro-magnets,  I  should  tell  you  that  this 
is  a  mode  in  which  magnetism  is  most  powerfully  developed.    By 
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means  of  electric  currents  passing  round  iron,  there  is  scarcely 
any  limit  to  the  magnetic  power.  I  have  seen  an  electro-magnet 
constructed  at  Woolwich,  under  the  direction  of  Dr.  Faraday, 
that  sustained  several  sets  of  fire-irons  with  great  facility.  There 
is  an  electro-magnet  also  that  sustains  a  room  full  of  people. 

C,  Can  you  tell  us  any  uses  to  which  the  electro-magnet  is 
applied  ? 

T,  I  might  tell  you  of  several.  Let  me,  however,  refer  to  the 
telegraph  which  I  just  mentioned.  You  may  remember  that  the 
signals  are  given  by  galvanometer-needles ;  now  it  would  not  be 
a  very  sure  means  of  gaining  attention,  if  the  clerk  were  expected 
to  keep  his  eye  on  the  needles  until  he  saw  himself  called.  In 
this  case  the  ear  is  the  best  attendant :  a  bell  rings,  for  which 
purpose  an  electro- magnet  is  applied  in  the  following  manner. 
A  clock-work  movement  is  constructed,  which  sets  in  action  the 
clapper  of  a  bell ;  the  movement  is  held  back  by  a  small  detent, 
afiixed  to  the  keeper  of  an  electro-magnet.  When  the  keeper 
is  attracted  to  the  magnet  the  detent  is  set  at  liberty :  so  that  the 
only  contrivance  necessary  is  to  provide  a  means  of  conveying  an 
electric  current  along  a  wire  wound  round  the  electro-magnet. 

Many  electric  telegraphs  depend  for  their  action  on  the  electro- 
magnet alone.  Of  this  kind,  Morse's  American  printing  telegraph 
is  one  remarkable  example ;  and  Breguet's  telegraph,  used  by 
the  French  government,  is  another.  Current  after  current  is  sent 
along  the  wires  of  Morsels  instrument ;  by  touchii^  a  key,  an 
instantaneous  contact  produces  a  dot,  and,  if  held  on  a  little,  a 
line ;  for  the  keeper  of  the  magnet  carries  a  point,  which  presses 
upon  a  slip  of  paper  that  moves  on.  The  alphabet  is  made  up  out 
of  the  combination  of  dots  and  lines :  one  dot  and  one  line  is  A  lont 
line  and  three  dots,  B ;  three  dots,  C ;  one  line  and  two  dots,  D. 

In  Breguet's  telegraph,  the  keeper  of  the  electro-magnet  carries 
an  escapement,  which  liberates  a  tooth  of  a  scape-wheel  for  eveiy 
movement ;  on  the  same  axis  with  the  wheel  is  the  index  of  tkte 
telegraph.  The  apparatus  is  so  constructed,  that  the  index  aanimes 
eight  different  positions  in  its  circle.  There  are  two  needles,  and 
the  letters  depend  on  the  relative  position  of  the  two : — the  left 
needle  vertical  downward,  B;  vertical  upward,  F:  the  right 
needle  vertical  downward,  N ;  vertical  upward,  I. 

The  el6ctro-magnet  has  been  successfully  applied  by  Mr.  Shep- 
herd to  maintaining  a  pendulum  in  motion,  and  to  communicating 
motion  to  a  train  of  wheels ;  and  thus  he  has  produced  the  electric 
clock,  which  sends  automatically  every  hour  a  time-signal  to  distant 
places,  from  the  Royal  Observatory  at  Greenwich ; .  and  which 
communicates  motion  simultaneously  to  many  clocks  in  different 
parts  of  the  Observatoiy. 
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The  pendulum  hangs  independently  of  the  wheels  and  works 
of  the  clock.  At  each  vibration  to  the  right,  it  touches  a  light 
spring  and  so  enables  an  electric  current  to  circulate  around  a 
piece  of  iron  and  magnetize  it.  It  then  attracts  a  piece  of  iron, 
the  motion  of  which  nuses  a  weight ;  the  pendulum,  on  vibrating 
to  the  left,  releases  the  weight,  which  falls,  and  in  falling  gives 
the  pendulum  a  slight  tap.  This  feeble  tap  at  each  alternate 
second  keeps  the  pendulum  in  constant  motion. 

(7.  But  how  can  we  tell  what  a  clock  it  is  from  a  mere  pen- 
dulum? 

T.  Besides  the  work  above  mentioned,  other  springs  are  at 
hand,  which  get  touched  at  each  vibration;  and  thus  electric 
currents  are  sent  into  electro-magnets,  placed  beneath  magnetized 
steel  bars.  The  bars  are  attracted  alternately  in  either  direction, 
and  communicate  motion  to  the  wheels. 

C  And  how  are  time-signals  sent  ? 

T,  The  clock-wheels  carry  certain  pins,  which  are  so  arranged 
that,  at  the  end  of  every  hour,  they  press  some  springs  together, 
and  so  cause  an  electric  current  to  flow  along  a  wire  previously 
prepared  for  it.  Twenty-one  times  out  of  the  twenty-four,  it 
is  allowed  to  pass  on  to  the  Electric  Telegraph  Company's  wires ; 
but  at  12  at  noon,  3  p.m.,  and  4  p.m.,  the  large  clock  at  the 
London  Station  of  the  South-Eastem  Bailway  breaks  this  con- 
nection, and  joins  the  time-wire  to  the  South-]£astem  Company's 
wires,  and  the  signal  goes  to  Dover  or  to  Rochester  as  the  case 
may  be. 

At  1  P.M.,  the  Greenwich  clock  sends  the  current  to  an  electro- 
magnet, which  attracts  a  piece  of  iron,  and  so  draws  the  trigger, 
and  causes  the  Great  Ball  to  fall.  The  trigger  also  makes  contact 
with  another  voltaic  battery,  and  sends  a  current  to  an  electro- 
magnet in  the  Strand,  which  causes  the  ball  to  fall  there ;  and  this 
ball  in  falling  sets  a  regulator-clock  going,  which  is  regulated  so 
as  to  be  a  second  or  two  too  fast  by  one  o'clock  each  day.  A  little 
catch  stops  this  clock  every  day  when  itself  indicates  one  o'clock, 
and  it  is  every  day  set  free  when  true  one  o'clock  is,  as  I  have 
said,  signalled  from  Greenwich. 

This  regulating,  clock  makes  a  certain  contact  at  the  last  second 
of  every  minute,  which  causes  an  electric  current  to  actuate  an 
electro-magnet  and  liberate  the  wheel  of  the  illuminated  clock 
that  stands  in  the  centre  of  the  roadway.  The  wheel  passes  on 
one  notch,  and  shows  time  minute  by  minute. 

J,  You  said  a  great  deal  about  induction  when  you  were  de- 
scribing ordinary  electricity ;  is  there  any  induction  in  galvanic 
electricity  ? 

T,  Yes;  if  a  current  is  sent  along  one  wire,  it  induces  a 
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current  in  another  wire  placed  near  it;  and  this  secondary 
current,  as  it  is  termed,  is  frequently  employed  in  cases  where 
the  primary  current  would  not  be  convenient.  For  instance, 
it  provides  us  with  a  means  of  obtaining  very  powerful  shocb. 
This  apparatus  is  termed  the  electro-magnetic  coil.  A  coil  of 
thick,  covered  copper  wire  is  wound  round  a  reel ;  and  outside 
this  a  much  greater  length  of  thin  wire  is  wound.  If  the  ends 
of  the  thin  wire  are  placed  in  separate  basins  of  water,  and  the 
hands  be  immersed  in  this  water,  a  very  violent  shock  will  be 
felt  every  time  the  battery  current  is  broken  off  from  the  other 
wire,  after  it  has  entered  it.  The  more  frequently  the  current 
is  broken  off,  the  more  numerous  are  the  shocks,  and  the  more 
violent  is  the  effect.  The  advantage  of  frequent  breaking  and 
making  of  contact  has  given  rise  to  numerous  pieces  of  apparatus, 
most  of  them  self-active,  by  which  this  effect  is  brought  about. 
The  power  of  these  coils  is  ereatly  increased  by  placing  an  iron 
rod,  or  still  more,  a  bundle  of  iron  wires,  in  the  centre. 


CONVERSATION  VI. 

Magneto-Electricity, — ThermO'Ekctricity , 

C  As  James  and  I  are  about  to  leave  you  this  week,  we  are 
both  very  anxious  to  learn  anything  further  you  can  teach  us 
relative  to  electricity  and  magnetism. 

T,  We  have  already  seen  that  electricity  produces  magnetism. 
I  will  now  tell  you  how  magnetism  will  produce  electricity. 

Dr.  Faraday  took  a  ring  of  iron,  and  wound  two  separate 
lengths  of  covered  wire  over  different  parts ;  and  he  found  that 
when  a  current  was  sent  through  one  wire,  a  current  occurred 
in  the  opposite  direction.  He  conceived,  and  very  truly,  as  he 
afterwards  found,  that  the  magnetism  of  the  iron  produced  the 
current  just  as  the  current  in  the  other  wire  produced  the 
magnetism.  To  prove  this,  he  took  a  coil  of  wire,  and  con- 
nected its  ends  with  a  galvanometer ;  he  placed  within  the  coil 
an  iron  rod ;  and  as  soon  as  this  was  magnetic  a  current  was 
produced  in  the  wire ;  it  moved  in  a  given  direction  at  the  act  of 
making  the  magnet ;  it  ceased  during  the  existence  of  the  mag- 
netism, and  occurred  in  the  opposite  direction  when  the  magnets 
were  removed. 

He  now  took  the  iron  bar  away,  and  employed  a  cylindrical 
bar  magnet:  when  this  was  introduced  into  the  coil  a  current 
occurred  in  a  given  direction  ;  while  it  remained  there  the  current 
ceased,  and  on  its  withdrawal  the  current  occurred  in  the  reverse 
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direction.  If  a  wire  cuts  the  magnetic  curves,  or  the  curves  cut 
the  wire,  there  is  a  tendency  to  the  production  of  a  current.  If, 
instead  of  a  wire,  a  plate  of  copper  is  used,  the  same  general 
effect  occurs,  with  this  additional  advantage,  that  a  succession 
of  currents,  or  rather  one  continuous  current,  may  be  obtained. 
The  first  practical  carrying  out  of  this  idea  was  in  Faraday's 
magneto-electric  machine,  which  consisted  of  a  disc  of  copper 
rotating  with  its  edge  between  the  poles  of  a  powerful  horseshoe 
magnet.  The  direction  of  the  current  was  from  the  centre  to  the 
circumference,  or  from  the  circumference  to  the  centre,  according 
to  the  direction  of  the  rotation ;  and  the  electricity  is  collected  by 
means  of  wires  applied,  one  to  the  edge,  the  other  to  the  centre, 
of  the  disc. 

C,  Does  this  machine  produce  powerful  effects  ? 

T,  No;  but  Saxton  contrived  a  machine,  in  which  coils  of 
wire  were  .'rotated  in  front  of  a  magnet;  the  ends  were  properly 
attached  to  connecting  metals,  so  as  to  direct  the  currents,  and 
violent  shocks  and  brilliant  sparks,  with  all  the  voltaic  effects, 
may  be  obtained.  For  shocks  a  long  coil  of  thin  wire  is  used ; 
for  light,  heat,  and  chemical  decomposition,  a  shorter  length  of 
thin  wire  is  employed.  The  magneto-electric  machine  is  used 
ibr  some  forms  of  electric  telegraph,  and  also  for  plating  and 
gilding  by  electricity.  Lately  Professor  Wheatstone  has  brought 
the  magneto-electric  telegraph  to  the  highest  perfection ;  and  I 
will  read  to  you  a  most  interesting  account  of  this  instrument, 
which  I  copied  from  The  Express,  and  I  know  you  will  pay  atten- 
tion, because  it  refers  to  the  latest  discoveries  and  application  of 
magnetism  to  telegraphic  purposes. 

Professor  Wkeatstone's  Universal  Telegraph, 

**  Facility  and  speed  in  communication  become  every  day  of  more 
and  more  importanc*e.  The  present  telegraph  companies  have 
created  wants  which  they  by  no  means  supply:  public  bodies, 
manufacturers,  and  merchants  are  becoming  more  and  more  alive 
to  the  necessity  of  having  their  own  private  telegraphs.  Thus, 
for  instance,  the  Queen's  printers  have  found  it  greatly  to  their 
advantage  to  have  telegraphic  communication  of  their  own  between 
their  printing  establishment  and  the  houses  of  parliament  The 
London  dock  has  not  only  its  own  electric  communication  between 
its  own  offices  in  the  dock,  but  also  between  the  dock-house  in  the 
City  and  the  commercial  sale-rooms  in  Mincing-lane.  The  police- 
stations  throughout  the  City  are  now  also  placed  in  instantaueous 
communication  with  each  other.  Such  important  results  as  these 
have  been  brought  about  principally  by  the  perfection  to  which 
Professor  Wheatstone  has  brought  his  universal  telegraph. 
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''This  instniment  is  sq  simple  in  its  construction  that  tnr 
person  who  can  read  and  spell  can  be  taught  in  half  an  hour  to  use 
it  with  certainty.  With  a  few  days*  practice  a  very  considerable 
rapidity  can  be  acquired  in  sending  messages.  Without  such  an 
instrument  as  this  a  trained  establishment  of  clerics  would  be 
necessary  to  work  the  telegraph.  By  its  aid  the  owner  of  the 
telegraph  or  any  person  of  ordinary  education  can  use  it  with 
scarcely  any  training. 

^^  The  universal  telegraph  consists  of  two  parts  or  instruments, 
the  telegraph  itself  and  another  called  the  communicator.  The 
telegraph  with  all  the  apparatus  for  working  it  is  contained  in  a 
small  box,  much  smaller  than  a  lady's  work-box.  It  has  a  handle 
like  that  of  a  barrel  organ  in  front  of  it.  On  the  upper  surface 
there  is  a  disc  or  clock  face.  This  face  instead  of  haying  the 
hours  marked  round  its  circumference  has  its  thirty  equal  divisions 
on  its  outer  edge  marked  by  the  letters  of  the  alphabet,  three 
stops,  and  a  cross.  The  inner  row  has  the  nine  digits  and  zero 
repeated  twice.  There  is  a  hand  like  the  hour  hand  of  the  clock, 
which  is  made  by  the  mechanism  hereafter  to  be  described  to 
point  to  these  letters,  stops,  or  figures,  at  the  will  of  the  operator. 
Round  this  lettered  disc  are  thirty  keys,  like  those  of  an  accordion, 
which  can  be  depressed  by  the  finger,  one  for  each  letter  or  sign. 
Such  is  the  external  appearance  of  the  telegraph.  It  is  not  much 
larger  than  an  ordinary  ship's  chronometer.  The  communicator 
is  romething  like  a  watch,  a  little  larger  indeed,  fixed  on  a  stand, 
in  a  convenient  position  for  observing  the  dial ;  it  rests  on  a  small 
stand,  which  contains  the  apparatus  for  working  an  alarum  bell. 
The  face  of  the  communicator  has  thirty  divisions  like  the  tele- 
graph, with  its  double  circle  of  letters  and  figures,  and  its  moveable 
hand  or  index. 

"  The  instrument  is  worked  in  the  following  manner.  We  will 
say  that  there  are  two  sets  of  these  instruments,  one  at  the  Queen's 
printers',  the  other  in  the  House  of  Commons.  A  single  wire  is 
fastened  at  the  printers'  to  the  water-pipes  of  the  establishment, 
or  else  attached  to  a  plate  of  metal  buried  in  the  earth,  this  wire 
is  made  to  pass  through  both  the  telegraph  and  communicator 
at  the  printers' ;  it  is  then  carried  through  the  air  to  the  Houses 
of  Parliament.  There  it  passes  through  another  telegraph  and 
communicator,  and  is  then  buried  in  the  earth  or  attached  to  some 
pipes,  which  are  in  connection  with  the  ground.  On  the  box 
which  supports  each  of  the  communicators  there  is  a  pointer 
which  can  be  turned  by  hand  so  as  to  point  to  either  of  two 
letters,  A  and  T,  on  the  right  and  left  hand.  When  the  instru- 
ments are  not  in  use  both  of  these  pointers  should  point  to  the 
letter  A.    Supposing,  now,  a  message  is  to  be  sent.     All  joa 
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have  to  do  is  to  turn  the  handle  of  one  of  the  telegraphs ;  the 
alarums  at  both  stations  are  instantly  sounded*  This  calls  the  at- 
tention of  the  clerk  or  operator  at  the  other  station.  He  then  re- 
plies by  turning  the  handle  of  his  telegraph,  when  both  alarums 
are  sounded  for  a  second  time. 

"  Now,  both  sender  and  receiver  turn  the  pointer  at  the  base  of 
their  communicators  to  the  T.  Before  sending  the  message,  the 
pointers  of  all  four  instruments  should  stand  at  the  cross  marked 
on  the  upper  portions  of  their  dials.  If  they  do  not,  the  operators 
have  a  simple  means  for  setting  them  right.  This  setting  being 
made,  if  necessary,  the  sender  spells  out  his  message  by  touching  or 
depressing  each  key  of  his  telegraph  with  his  left  hand,  which 
stands  opposite  to  the  letters  to  be  spelt  in  succession  while  he 
steadily  turns  the  handle  of  his  instrument  with  his  right  hand. 
He  will  then  see  the  hand  of  his  communicator  turn  in  succession 
to  each  of  these  letters,  and  pause  until  he  depresses  the  next 
letter.  The  index  of  the  communicator  of  the  receiver  of  the 
message  moves  in  the  same  way,  and  he  also  spells  the  word 
he  receives.  The  word  finished,  the  sender  depresses  the  key 
opposite  his  cross  and  the  communicator  shows  the  receiver  that  a 
word  is  spelt.  He  acknowledges  the  receipt  of  it,  and  that  he 
understands  it  by  turning  the  handle  of  his  telegraph  and  depress- 
ing the  key  opposite  to  the  cross,  so  as  to  make  the  hands  of  both 
communicators  pass  through  a  complete  revolution.  If  any  letter 
or  sign  is  to  be  repeated  in  succession  in  spelling  a  word,  it  is 
necessary  to  depress  for  an  instant  an  adjacent  key,  and  then  to 
depress  that  opposite  the  letter  to  be  repeated  before  the  indices 
or  hands  of  the  instruments  have  pointed  to  the  letter. 

'*  This  is  the  simple  method  of  using  the  instrument.  It  possesses 
this  great  advantage  for  private  purposes  that  it  requires  no  gal- 
vanic apparatus,  with  corrosive  acids,  and  requiring  great  skill 
in  its  successful  preparation  for  use.  There  are  no  fumes  to  be 
avoided,  no  trouble  and  risk  in  amalgamating  plates.  A  simple 
coil  apparatus  and  a  magnet  enclosed  in  the  telegraph  box  do  all 
the  work  of  the  electric  Ariel,  without  risk  of  getting  out  of  order 
or  being  deranged.  As  the  principles  of  electric  telegraphy  are 
now  becoming  so  popular,  some  of  our  readers  may  be  interested 
in  knowing  something  of  the  mode  of  operation  of  this  beautiful 
instrument  of  Professor  Wheatstone.  When  the  handle  of  one 
of  the  telegraphs  is  turned,  it  causes  an  axis  in  the  instrument 
to  revolve.  Attached  to  this  axis  are  two  equal  arms ;  each  of 
these  arms  has  suspended  or  fixed  perpendicularly  to  its  extremity 
a  bundle  of  soft  iron  wire.  Round  each  of  these  bundles  or  cords 
of  soft  iron  a  considerable  quantity  of  fine  insulated  wire  is  wound 
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like  a  silk  or  thread  round  a  bobbin.  The  wire  round  these  two 
bobbins  is  continuous.  These  two  bobbins,  therefore,  turn  round 
with  every  revolution  of  the  axis  to  which  they  are  attached.  At 
every  revolution  the  cores  of  both  these  bobbins  pass  over  the 
poles  of  a  horse-shoe  permanent  magnet.  Every  time  they  pass 
over  the  poles  of  the  magnet  the  core  of  the  bobbin  passing  over 
is  magnetised ;  the  magnetism  induces  or  sets  up  a  current  of 
electricity  through  the  wire  of  the  bobbin.  In  this  way,  by 
simply  turning  the  handle  of  the  machine  opposite,  currents  or 
pulses  of  electricity  are  sent  through  the  wires  of  the  bobbins  by 
the  momentary  action  of  the  poles  of  the  magnet.  When  the 
indices  at  the  base  of  the  two  communicators  are  set  at  A,  the 
currents  of  electricity  so  set  up  pass  through  the  alarum  of  the 
sender  to  that  of  the  receiver  and  return  by  the  earth.  A  most 
ingenious  mechanical  and  electro-magnetic  arrangement  sets  the 
works  of  both  alarums  in  motion,  without  requiring  any  clock-work 
to  be  wound  up,  and  so  constructed  that  by  no  jar  or  accidental 
motion  of  the  alarum  can  it  be  sounded,  and  it  never  rings  with- 
out the  passage  of  currents  of  electricity.  When  the  pointer  is 
turned  to  T,  the  communicators  are  put  in  connection  with  the 
telegraph.  The  communicators  have  each  an  electro-magnetic 
apparatus,  which  consists  of  two  permanently  magnetic  needles 
fixed  to  an  axis,  and  lying  parallel  between  two  bobbins  of  insu- 
lated wire  with  soft  iron  cores.  The  armatures  of  these  cores  are 
so  arranged  that  when  a  current  of  electricity  passes  through  the 
wire  of  the  bobbins  their  armatures  attract  two  of  the  poles  or 
extremities  of  the  magnetic  needles  and  repel  the  other  two  ;  the 
effect  of  the  two  attractions  and  two  repulsions  of  the  needles 
being  to  rotate  the  axis  to  which  they  are  fixed.  This  axis  com- 
municates by  an  escapemeut-wheel  a  step-by-step  motion  to  the 
hand  of  the  communicator  instrument  for  every  current  of  elec- 
tricity sent  through  the  wire  of  its  bobbins.  We  will  now  suppose 
the  instruments  with  all  their  indicators  pointing  to  the  cross. 
The  handle  of  one  of  the  telegraphs  is-  turned,  for  every  revolu- 
tion of  the  handle  the  magnet  in  the  telegraph  sets  up  a  current 
in  the  bobbins  within  the  telegraph,  but  these  currents  all  pass 
by  a  short  circuit  through  the  instrument  and  the  earth  ;  we  now 
depress  a  key  opposite  to  some  letter,  the  depression  of  this  key 
alters  the  electrical  circuit,  and  all  the  currents  are  now  sent 
through  the  telegraph  wire,  both  communicators,  and  the  earth. 
For  every  current  transmitted — these  currents  being  in  succession 
in  different  directions — the  hand  of  the  telegraph  of  the  sender 
and  the  hands  of  both  communicatQrs,  are  made  to  advance  step 
by  step  till  the  letter  opposite  the  depressed  key  is  arrived  at 


UNIVERSAL   T£LEGBAFH.  491 

The  instant  diis  letter  is  reached,  the  mechanism  of  the  telegraph 
alters  the  circuit,  the  current  no  longer  passes  through  the  tele- 
graph wire  and  the  communicators,  but  is  carried  off  through 
the  shorter  circuit.  Another  key  is  now  depressed  by  the  sender, 
a  beautiful  piece  of  mechanism  causes  the  depression  of  this  key 
to  elevate  the  key  last  depressed,  puts  the  instrument  in  circuit 
with  the  wire  and  the  indicators,  the  hands  move  on  step  by  step 
till  the  letter  opposite  the  depressed  key  is  reached,  when  the 
circuit  is  again  altered,  and  the  hands  stand  still  till  another  key 
is  depressed,  and  so  on  for  the  whole  message.  Those  who  have 
been  used  for  some  time  to  this  instrument,  and  have  become 
quick  both  in  sending  and  receiving  a  message,  have  been  enabled 
to  transmit  100  letters  per  minute. 

"  We  have  been  thus  minute  in  our  description  of  this  universal 
telegraph,  because  we  feel  certain  it  will  play  an  important  part 
in  the  popularization  of  the  use  of  telegraphy.  It  was  usea  by 
the  Emperor  Napoleon  at  Solfcrino,  and  will  shortly  be  used  on 
the  railways  of  Australia. 

**  The  extent  to  which  the  application  of  telegraphy  is  likely  to 
be  carried  out  has  rendered  prominent  another  want.  Not  only 
an  instrument  for  communicating  messages,  but  a  private  road 
through  which  they  may  be  sent.  This  has  induced  the  forma- 
tion of  a  company,  now  applying  for  an  act  of  parliament  for 
their  incorporation  under  the  name  of  the  Universal  Private  Tele- 
graph Company.  Professor  Wheatstone  has  discovered  that  for 
moderate  distances,  say  for  twenty  miles,  his  electric  road  only 
requires  a  copper  wire  about  the  thickness  of  an  ordinary  piece  of 
cotton  thread.  Thirty  such  wires,  each  covered  with  a  thin 
coating  of  india-rubber  and  linen,  can  be  combined  into  a  cable 
about  the  thickness  of  the  little  finger.  Thus  thirty  private 
electric  roads,  perfectly  insulated  from  each  other,  can  be  com- 
bined in  one  rope,  not  very  much  thicker  than  the  wires  now  used 
for  electric  ways  along  the  sides  of  our  railways.  This  marks 
another  great  stride  in  telegraphy — the  substitution  of  india- 
rubber  for  gutta-percha  as  an  insulator.  For  this  we  are  indebted 
to  the  energy,  skill,  and  perseverance  of  Messrs.  Silver  and  Co., 
who  have  succeeded  in  demonstrating  to  the  best  telegraphists 
that  they  can  manufacture  an  india-rubber  insulation  for  wires 
which  shall  make  us  independent  of  the  constant  failure  of  gutta- 
percha as  an  insulator. 

^*  With  gutta-percha  the  insulation  of  this  cable  of  thirty  small 
wires  would  have  been  impossible.  The  heat  to  which  the  cable 
must  be  subject  even  in  our  summer  as  it  passes  over  our  house- 
tops would  melt  the  gutta-percha  and  destroy  the  insulation.   The 
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insulation  of  india-rubber  is  not  only  superior  to  gutta-percha,  but 
it  resists  the  heat  which  would  entirely  melt  the  Tatter. 

*'The  Universal  Telegraph  Company  propose  to  connect  all 
ports  of  London  and  other  great  towns  by  a  system  of  triangulft- 
tion.  The  town  will  be  divided  into  a  series  of  equal  triai^es, 
the  side  of  each  being  a  mile  in  length.  Each  point  of  the 
triangle  will  be  united  to  another  by  one  of  these  cables  contain- 
ing thirty  or  sixty  insulated  wires.  These  cables  will  be  sup- 
ported by  posts  on  the  tops  of  houses  or  other  large  boildings, 
200  feet  apart. 

**  To  prevent  the  cable  from  injury  from  stretching,  it  will  be 
suspended  from  two  strong  iron  wires  passing  from  post  to  post 
At  each  of  the  posts,  as  well  as  the  angular  stations  at  the  extre- 
mities of  the  mile  of  rope  or  cable,  each  separate  wire  will  pass 
through  little  numbered  canals  of  ebonite.  If  any  accident  hap- 
pens to  any  particular  wire,  it  can  be  discovered  where  the  fault 
lies  by  testing  from  post  to  post.  The  wires  being  numbered 
and  registered,  the  private  person  wishing  to  rent  a  wire  can  have 
it  conveyed  to  his  two  stations  from  the  post  nearest  to  them. 
That  this  system  is  likely  to  meet  with  immediate  adoption  in 
many  instances  we  have  no  doubt.  Between  thirty  and  forty 
firms  and  public  bodies  in  Glasgow  have  already  made  application 
to  the  company  for  the  rent  of  wires.  The  city  police  stations  in 
London  will  use  the  wires  of  the  company  instead  of  their  own 
temporary  one  as  soon  as  it  is  established.  Mr.  Reuter,  so  well 
known  in  connexion  with  telegrams,  has  already  united  his  private 
offices  in  Finsbury-square  with  his  city  offices.  No  doubt  a  great 
variety  of  public  offices  as  well  as  private  persons  will  gladly 
avail  themselves  of  this  mode  of  obtaining  private  tel^raphic 
communication. 

**  We  believe  the  company  propose  to  rent  their  wires  at  the 
rate  of  four  pounds  per  mile  for  a  year,  undertaking  to  keep  the 
wires  in  order,  and  at  all  times  to  insure  telegraphic  communica- 
tion. The  hirer  of  the  wire  may  use  any  instrument  he  pleases. 
If  he  wishes  it,  however,  they  will  let  him  one  of  Professor 
Wheatstone's  Universal  Telegraphs,  Alarum,  and  Indicator  for  6^. 
a  year,  or  a  pair  of  them  for  12Z.  This  includes  keeping  the 
instruments  in  perfect  working  order.  Thus,  for  instance,  a  mer- 
chant or  manufacturer  can  have  private  telegraphic  communica- 
tion between  two  stations  a  mile  apart  for  16^.  a  year.  The 
insulated  cable  being  suspended  from  uncovered  iron  wires,  and 
these  wires  being  connected  with  the  leads  and  iron  pipes  of  the 
houses  to  which  their  supporting  posts  are  attached,  lightning 
cannot  pass  through  the  insulated  wire  to  the  house  in  which  it  is 
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introduced.  The  network  of  supporting  wires  will,  in  point  o^ 
fact,  act  as  a  great  system  of  lightning  conductors,  and  insure  the 
safety  of  the  houses  over  which  they  pass. 

''That  the  system  of  the  compound  rope  and  the  small  con- 
ducting wires  will  answer,  we  saw  demonstrated  by  Mr.  Holmes, 
the  consulting  enKineer  of  the  proposed  company,  at  Mr.  Renter's 
on  Friday  last.  We  also  saw  the  successful  application  of  the  small 
conductor  to  Mr.  Wheatstone*s  Automatic  rrinting  Telegraph. 
This  teleeraph  is  intended  for  the  speedy  transmission  of  messages 
through  Tines  where  economy  of  time  in  the  use  of  the  line  is  of 
great  importance.  The  message  to  be  sent  is  punched  out  in  a 
series  of  dots  on  a  strip  or  narrow  ribbon  of  paper.  The  cipher 
used  is  so  similar  to  that  of  the  Morse  system,  which  is  now  the 
universal  telegraphic  alphabet  on  the  Continent  and  America, 
that  a  person  conversant  with  the  one  can  immediately  read  the 
other.  The  Morse  alphabet  represents  every  letter  by  a  line  or 
a  dot,  or  the  combination  of  these,  not  exceeding  four  for  every 
letter.  Wheatstone  uses  a  dot  on  the  upper  part  of  the  ribbon 
for  Morse's  line,  and  a  dot  below  for  Morse  s  dot.  To  punch 
these  dots  he  uses  a  small  instrument  with  three  keys,  which  are 
depressed  by  the  pressure  of  the  finger.  The  ribbon  of  paper  is 
introduced  at  the  top  of  the  instrument ;  every  time  one  of  the 
keys  is  depressed  it  pinches  a  hole  through  the  ribbon,  and  moves 
it  a  space  forward ;  when  the  same  or  another  key  is  depressed 
another  hole  is  punched,  and  the  paper  again  moved  forward  to 
receive  another  perforation.  One  key  answers  for  Morse's  line 
or  dash,  another  for  his  dot,  and  the  third  or  middle  one  is  used 
for  spacing.  Thb  sjpacinff  obviates  a  difficulty  in  the  Morse  system 
of  telegraphing.  The  Morse  system  is  always  used  in  connexion 
with  a  telegraphic  instrument.  The  difierence  between  the  print- 
ing of  a  line  or  a  dot  is  determined  by  the  time  the  finger  rests 
on  the  key  of  the  transmitting  instrument.  To  be  a  good  tele- 
graphist bn  the  Morse  system  requires  an  accurate  perception  of 
musical  time,  a  perception  of  which  many  people  are  deficient. 
Besides  this  advantage,  the  slowness  of  the  person  using  the 
punching  apparatus  of  Wheatstone*s  automatic  system  does  not 
cause  a  waste  of  the  time  of  the  telegraphic  line. 

'^  When  the  message  is  punched  out  on  the  ribbon,  this  ribbon 
forms,  as  it  were,  a  continuous  jacquard  pattern.  This  is  now 
introduced  into  the  transmitting  instrument.  By  turning  a  handle 
the  perforated  ribbon  passes  at  a  uniform  rate  through  the  instru- 
ment :  as  each  space  comes  through  the  centre  of  the  holder,  three 
springs  attached  to  an  axis  in  connection  with  the  handle  rise  up, 
.  only  one  of  these  three  can  rise  through  the  paper,  because  there 
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will  only  be  one  perforation  presented  at  the  same  time.  If  a 
spring  pass  through  one  of  the  upper  holes  of  the  strip,  a  current 
of  electricity  is  made  by  the  mechanical  arrangement  attached  to 
this  spring  to  pass  through  the  telegraph  wire  to  a  distant  station; 
if  a  spring  passes  through  the  lower  hole  an  opposite  current  is 
produced  ;  lastly,  if  the  middle  spring  pass  through  an  opening  no 
current  is  sent. 

**At  the  receiving  station  there  is  a  recording  or  printii^ 
apparatus.  A  thin  strip  of  paper  is  made  by  clock-work  to  pass 
through  the  printing  apparatus  when  a  message  is  to  be  recdved. 
This  apparatus  has  two  series  of  electro-magnetic  apparatus 
similar  to  those  used  in  the  communicator  of  the  universal  instru- 
ments. They  are  so  arranged,  however,  that  the  axes  to  which 
the  permanent  magnets  are  attached  are  moved,  the  one  axis  only 
for  a  current  in  one  direction,  and  the  other  only  for  a  current  in 
the  opposite  direction.  To  each  of  these  axes  a  sinall  pen  or 
style  is  attached.  These  styles  when  depressed  each  pass  through 
a  small  hole  in  the  bottom  of  a  reservoir  filled  with  Indian  iiS[. 
These  holes  are  so  small  that  capillary  attraction  prevents  the 
flow  of  the  ink  through  them  unless  it  is  carried  by  the  depression 
of  the  style.  Now,  the  electro-magnets  cause  one  of  these  styles 
to  be  depressed  for  a  current  in  one  direction,  the  other  style  for 
that  in  the  opposite ;  the  ribbon  passing  under  the  reservoir  of 
ink  by  the  motion  of  the  clock-work  has  a  dot  made  at  top  or 
bottom,  according  as  a  dot  perforated  through  the  top  or  bottom 
of  the  ribbon  passes  at  the  same  time  through  the  transmitting 
apparatus.  Some  idea  of  the  speed  with  which  this  automatic 
printing  telegraph  can  forward  messages  may  be  estimated  when 
we  state  that  a  column  of  newspaper  print,  such  as  that  of  a 
parliamentary  debate,  can  be  transmitted  200  miles  in  about  20 
minutes.  We  are  rejoiced  to  see  that  Professor  Wheatstone,  who 
took  such  a  distinguished  position  in  the  first  introduction  of 
the  telegraph,  still  keeps  foremost  in  the  race  of  &legrapbic 
progress.** 

It  is  not  necessary  to  have  magnets  to  produce  these  effects, 
for  they  have  all  been  produced,  though  in  a  less  degree,  by 
the  native  magnetism  of  the  earth.  The  machine  in  this  case  has 
been  termed  the  magneto-electro  telluric  machine. 

J,  I  have  listened  very  patiently  during  our  Conversations  on 
Electricity  to  hear  some  notice  of  Armstrong's  hydro-electric 
Tnachine,  which  produces  such  brilliant  effects  at  the  Polytechnic. 

T,  I  am  glad  you  have  reminded  me  of  my  omission ;  for,  in 
the  many  things  that  I  was  anxious  to  describe  to  you,  I  had 
almost  forgotten  this.      It  consists  of  a  high-pressure  stcaok* 
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boiler,  furnished  with  a  consideraUe  number  of  escape-tubes', 
the  nozzles  of  which  are  lined  with  a  small  cylinder  of  box- 
wood ;  in  front  of  the  tube  is  a  conductor  furnished  with  points 
to  de-electrize  the  steam  as  it  escapes.  It  appears  that  as  the 
steams  escapes,  a  small  portion  ot  it  is  condensed  into  little 
particles  of  water :  the  uncondensed,  as  it  escapes,  rubs  these 
water-particles  against  the  box-wood,  and  the  effect  is  exactly 
the  same  as  rubbing  the  glass  cylinder  of  the  ordinary  electrical 
machine  against  the  cushion ;  a  prodigious  quantity  of  fiictional 
electricity  is  produced  ;  and  the  sparks  collected  from  the  boiler 
exceed  in  bulk  and  tension  any  that  have  been  collected  by  other 
means. 

J,  You  placed  the  word  thermo-electricity  at  the  head  of  this 
Conversation. 

T,  Yes;  this  is  electricity  produced  by  the  motion  of  heat 
among  the  particles  of  certain  metals.  Mr.  Seebeck  discovered 
that  a  bar  of  antimony,  differently  heated  in  opposite  parts,  gave 
a  current  if  these  parts  were  metallically  connected.  But  if  a 
piece  of  bismuth  is  soldered  to  a  piece  of  antimony,  and  heat  be 
applied,  the  effect  is  very  marked.  Such  an  arrangement  is 
termed  a  thermo-electric  pair :  several  of  these  pairs  combined  is 
termed  a  thermo-electric  pile. 

G.  Will  these  piles  give  shocks  and  sparks  ? 

T,  No,  not  directly ;  they  will,  by  the  intervention  of  a  coil 
*  of  copper  ribbon.  6ut  they  constitute  the  most  delicate  indi- 
cators of  small  quantities  of  heat  that  are  knovm :  some  measure 
nearly  to  the  hundredth  part  of  a  degree.  If  a  pile  is  exposed 
to  radiation  from  the  human  body,  though  at  several  yards  dis- 
tance, the  heat  affects  it:  an  insect  resting  on  it  will  also  be 
indicated.  And  lately  it  has  been  employed  successfully  in 
proving  that  the  moon  possesses  heat.  Delicate  thermo-pairs 
nave  l«en  used  to  obtain  the  temperature  of  the  human  body,  by 
being  thrust  into  the  arm.  Ihe  temperature  of  plants  and 
flowers  has  been  measured.  And  to  conclude  with  a  sort  of 
anti-climax  to  the  many  heat-producing  effects  of  electricity,  the 
thermo-electric  apparatus  has  been  employed  to  prove  a  case  in 
which  electricity  produces  cold :  as  when  a  very  feeble  current 
passes  the  junction  of  bismuth  and  antimony.  And  now,  my 
dear  boys,  I  must  bid  you  farewell.  You  must  not  leave  me 
under  the  idea  that  you  are  well  acqudnted  with  physical  science. 
All  we  have  done  is  just  to  take  a  peep  here  and  a  glance  there. 
We  have  trodden  over  the  first  parts  of  several  branches  of 
physics  ;  we  have  looked  at  the  leading  features  ;  and  I  trust  you 
have  seen  and  heard  enough  to  induce  you  to  make  yourselves 
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better  acquainted  with  these  subjects.  I  have  felt  more  thaa 
ordinary  interest  in  talking  with  you,  because  I  could  see  in  yoa 
a  laudable  desire  to  learn. 

C  We  are  both  very  much  indebted  to  you  for  your  kindness 
and  very  greatly  regret  that,  the  arrangements  which  papa  has 
made  for  us  will  not  permit  of  our  renewing  these  agreeable 
meetings. 

J,  For  my  part,  sir,  I  can  never  be  sufficiently  grateful  to  you 
for  the  pains  you  have  taken  in  instructing  us. 
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Absorb,  to  drink  in,  392. 

Acceleration,  a  body  moving  faster  and  faster,  18. 

Action  and  reaction,  equal  and  contrary,  35.    Curious  instance  of, 

36. 
Adhesion,  a  sticking  together,  11. 
Air,  a  fluid,  the  pressure  of  which  is  very  great,  its  nature  and  uses, 

215.     Its  pressure,  experiments  on,  220 — 230.    Its  weight,  how 

proved,  228.    Its  elasticity,  230 — 233.    Its  compression,  222 — 

237.    Necessary  to  sound,  223.    Vehicle  of  heat  and  moisture, 

218.    Appendix  to  Pneumatics,  302. 
Air-gas,  structure  of,  explained,  239. 
Air-pump,  described,  217.    Its  structure  explained,  tb.   Experiments 

on,  220,  224—243. 
Alcohol,  ardent  spirit ;  equal  parts  of  alcohol  and  water  make  spirits- 

of-wine,  192. 
Alkaline,  a  saline  taste,  479. 
Alloys,  specific  gravity  of,  186. 
Altitudes,  measured  by  the  barometer,  281. 
Anamorphoses,  distorted  images  of  bodies,  338. 
Ancients,  their  mode  of  describing  the  constellations,  68. 
Anemometer,  258. 
Aneroid  barometer,  285. 
Angle,  what  it  is,  2.    How  explained,  ib.    Bight,  obtuse,  acute,  ib. 

How  cidled,  3. 
Animals,  all  kinds  of,  affected  by  galvanism,  462. 
Aperture,  a  small  hole,  208. 

Aphelion,  the  greatest  distance  of  a  planet  from  the  sun,  98. 
A^o'gee,  the  sun's  or  moon's  greatest  distance  from  the  earth,  116. 
Aquafortis,  of  what  composed,  4. 
Archimedes,  proposed  to  move  the  earth,  38.    Some  account  of,  185. 

His  inventions,  ib.    His  burning  mirrors,  331. 
Arrow,  to  find  the  height  to  which  it  ascends,  20. 
Asteroids,  sixty-five  new,  132. 
Atmosphere,  height  of,  280.    Pressure  of,  on  the  earth,  284.    The 

effect  of,  ib.    Light  refi:acted  by,  325. 
Atmospheric  railway,  227, 
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Attraction,  the  tendency  which  some  parts  of  matter  have  to  unite 

with  others,  11. 
Attraction,  capillary,  what  meant  by,  10.    Illustrated,  ib. 
Attraction  and  repulsion,  electrical,  413 ;  magnetic,  &c.,  397. 
Aurora  Borealis,  vulgarly  called  the  northern  lights.    Imitated,  452. 

A  curious  one  described,  ih. 

Bailey's  beads.  111. 

Balance,  hydrostatical,  described,  178. 

Balances,  Mse,  how  detected,  43. 

Ball,  why  easily  rolled,  28.     Scioptric,  its  effect,  322. 

Barometer,  explained,  272.  Its  construction,  ib.  Standard  altitude 
of,  274.     Variation  of,  ih.    To  measure  altitudes  witlj,  281. 

Barometric  observations,  corrected,  278. 

Battery,  electrical,  described,  435.  Experiments  on,  ib.  Voltaic 
battery,  465. 

Bellows,  hydrostatical,  162. 

Binocular  vision,  346. 

Birds,  how  they  support  themselves  in  the  air,  31. 

Bissextile,  the  meaning  of  the  word,  101. 

Bodies,  heavenly,  why  they  move  in  a  curved  path,  33.  The  latitude 
of,  76.  Elastic  and  non-elastic,  illustrative  of  the  third  law  of 
motion,  35.  Weight  of,  diminished  as  the  distance  from  the  centre 
of  the  earth  is  increased,  11.  Their  vis  inertise,  27.  Falling, 
the  law  of  their  velocity,  21.    Sonorous,  elastic,  244. 

Body,  moving  one,  what  compels  it  to  stop,  28. 

Boyle,  Mr.,  first  saw  the  electrical  light,  412. 

Bride's  (St.)  church,  damaged  by  lightning,  447. 

Bucket,  how  suspended  on  the  edge  of  a  table,  26. 

Buffon,  M.,  hiH  experiments,  333. 

Bullets,  leaden,  how  made  to  cohere,  S 

Burning  lenses,  317. 

Camera  lucida,  376. 

obscura,  373. 

Gannon,  the  sound  of,  244. 

Capillary  attraction,  fluids  attracted  above  their  level  by  tubes  as 

small  as  a  hair,  10. 
Cardinal  points,  how  distinguished,  69. 
Catoptrics,  the  science  of  reflected  light,. 314. 
Cavallo,  Mr.,  his  electrical  experiments,  447. 
Cements,  11. 
Centre  of  gravity,  the  point  of  a  body  on  which,  when  suspended,  it 

will  rest,  28.    Between  the  earth  and  sun,  89.     How  applicable 

to  the  common  actions  of  life,  24. 
Centrifugal  force  is  the  tendency  which  a  body  has  to  fly  off  in  a 

straight  line,  32. 
Centripetal  force  is  the  tendency  which  a  body  has  to  another  about 

which  it  revolves,  32. 
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Circles,  galvanic,  what,  463.  First  order,  468.  Second  order,  i&« 
The  most  powerful,  463. 

Clepsydra,  principle  of,  explained,  168. 

Climates,  how  improved,  303. 

Clocks  and  dials,  why  they  do  not  agree  in  the  measare  of  time, 
76,  99. 

Clock-movement,  61. 

Chain-pump,  211. 

Cohesion,  attraction  of,  6.  How  defined,  7.  Instances,  t&.  Ita 
force,  ih.    How  overcome  8.    Instances  o^  ih. 

Coining,  apparatus  for,  referred  to,  59. 

Cold.  302. 

Colours,  the  cause  of,  325. 

Comets,  in  what  respects  they  resemble  planets,  137.  The  heat  ot 
one  calculated,  ib.    Parts  of  comets,  139. 

Compression,  the  act  of  squeezing  together. 

Concave  lenses,  323. 

Mirrors,  320,  331.    Experiment  with  two,  340. 

Condensation,  the  act  of  bringing  the  parts  of  matter  together,  236. 

Conductors,  electrical,  what  meant  by,  413.  Table  of,  415.  Perfect 
and  imperfect,  ih. 

Cone,  double,  why  it  rolls  up  an  inclined  plane,  25. 

Conical  pendulum,  61. 

Conjunction,  planets  when  in,  moon  when«  105. 

Contact,  touching,  465. 

Converge,  to  draw  towards  a  point,  361. 

Convex  mirrors,  3.36. 

Corona  of  sun,  110. 

Crane,  tlie  principle  of  a,  48.  One  invented  by  Mr.  White,  51.  Dis- 
tiller's, described,  189. 

Cuppings  the  operation  of,  explained,  215. 

Cups,  hemispherical,  experiments  on,  226. 

Cylinder,  how  made  to  roll  up  a  hill,  26. 

Daguerreotype,  388.    Photography — collodion  process,  tb. 

Dancers,  rope  or  wire,  how  they  balance  themselves,  25. 

Dancing  figures,  elec^cal,  425. 

Davy  (Sir  Humphry),  his  application  of  voltaism  to  chemistry,  474. 

Day,  astronomical,  when  begins,  76.  The  difference  between  the 
solar  and  sidereal,  98. 

Day  and  night ;  how  explained,  86. 

Days  and  nights,  why  of  different  lengths,  88.  To  whom  alwaya 
equal,  91. 

Deception,  optical,  67.    In  feeling,  ib. 

Deceptions,  on  the  public,  by  short  weights,  how  detected,  43.  Oc- 
casioned by  swift  motions,  85.    Optical,  313,  314,  338,  &c. 

Declination  of  the  sun,  76.    Of  the  moon,  ib. 

Degrees,  how  subdivided,  74. 

De  La  Bue,  Mr.,  his  experiments  on  colours,  329. 
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Density,  compactnesB,  176.    Consiitates  specific  gravity,  ib. 

Dew.  302. 

Diagonal,  the  lines,  which  join  the  opposite  comers  of  a  square  or 
other  right-lined  figure,  33. 

Diamagnetics,  406. 

Dipping  of  the  needle  of  the  compass,  404. 

Direction,  line  of,  how  defined,  29.  Must  be  within  the  base  of  a 
body  that  stands  secure,  ib, 

Discharging-Tod,  431. 

Dissolving  view8>  375. 

Distance  measured  by  sound,  246. 

Diver's  bell  described,  200.  How  used,  202.  Smeaton's  improve- 
ment on,  203.   Walker's  improvements  on,  ib.   Anecdote  of,  2G4. 

Diverge,  to  spread  out,  361. 

Diving-boat,  206. 

Diving-cylinders,  203. 

Double  refraction,  377. 

Drowning,  the  danger  of,  to  inexperienced  persons,  194. 

Earth,  centre  of,  why  bodies  move  to  it,  12.  Why  not  Upparently 
moved,  14.  Its  shape,  17.  Its  diurnal  motion,  83 — 86.  The 
velocity  of  its  motion,  84.  When  its  motion  is  quickest,  100. 
No  argument  against  its  motion  because  not  apparent,  85.  Its 
magnitude,  86.  Its  globular  figure,  80.  How  proved,  82. 
Its  poles,  what,  83.  Its  axis,  ib.  Its  annual  motion,  89.  Nearer 
the  sun  in  winter,  94.  Its  rotation  the  most  uniform  motion  in 
nature,  98.    A  satellite  to  the  moon,  105. 

Echo,  the  nature  of,  explained,  249.  Curious  ones^  noticed,  252. 
Applied  to  the  measuring  of  distances,  ib. 

Eclipse,  an  occultation  of  the  sun  or  moon,  106. 

Eclipses,  the  cause  of,  explained,  106—108.  Total  of  the  smi,  very 
rare,  109.     Annular,  ib. 

Ecliptic,  the  earth's  annual  path  roiHid  the  heavens,  72.  How 
described,  ib.    How  to  trace  the,  ib. 

Effluvia,  fine  particles  that  fly  off  from  various  bodies,  5. 

Eggs,  discolouration  of  silver  with  eating,  463. 

Elasticity,  the  quality  in  some  bodies,  by  which  they  recover  their 
former  positions,  after  being  bent,  11.    What  meant  by,  ib. 

Electric,  what  meant  by,  411.    Light  by  whom  first  seen,  412. 

Electric  clocks,  485. 

. light,  467. 

— spark,  431. 

telegraph,  481. 

Electrical  discharger,  432. 

• —  experiments,'  431,  435,  438. 

— machine,  416. 

Electricity,  history  of,  411.  Attraction,  electrical,  when  first 
noticed,  ib.  The  two  kinds,  422.  Attraction  and  repulsion,  ib. 
Atmospheric,  446.    Medical,  454.    Animal»  4d6»    Voltaic,  462. 
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Electro-chemical  telegraph,  475. 
Electro-magnetism,  480. 

Electrometer,  427.    Lane's,  433.    Quadrant,  the  use  of,  434.    An- 
other kind,  442 
Electrophonis,  442. 
Electrotype,  472. 

Eollan  Harp,  structure  of,  explained,  253. 
Ephemeris,  an  almanac.    White's  explained,  73. 
Equator,  how  described,  83. 
Equation  of  time,  97. 
Equinoctial,  what  meant  by,  83. 
Eye,  the  parts  of  which,  how  composed,  341. 

Fahrenheit's  thermometer,  286. 

Feathers,  electrified,  their  appearance,  424,  425. 

Fire-engines  described,  and  the  principle  of  them  explained,  212. 

Fish,  how  they  swim,  215.  Air-vessel  of,  its  uses,  216.  Electric,  427. 

Flannel,  a  conductor  of  sound,  243. 

Flea,  circulation  of  the  blood  of  a,  7. 

Flood-gates,  why  made  very  thick,  168. 

Flowers,  colours  of,  327. 

Fluids  and  solids,  how  distinguished,  146.  Particles  of,  exceedingly 
small,  147.    Incapable  of  compression,  148. 

Fluids  press  equally  in  all  directions,  148.  Incompressible,  ib. 
Air,  compression  of,  147.  Weight  and  pressure  of,  experiments 
on,  146 — 156.  Lateral  pressure  of,  156—158.  Difference  be- 
tween the  weight  and  pressure  of,  166.  Motion  of,  167 — 173. 
Experiments  on  the  light  and  heavy,  190.  Specific  gravity  of, 
differs  according  to  the  degrees  of  heat  and  cold,  192. 

Focus,  320.  Imaginary,  of  a  concave  lens,  321.  Of  a  double  con- 
vex ditto,  324. 

Force,  centriftigal,  what  meant  by,  32. 

Force,  centripetal,  32. 

Forcing-pump,  211. 

Fountain,  in  vacuo,  226.    Artificial,  235. 

Fountains,  the  principle  of,  explained,  162. 

Franklin  (Dr.)  discovers  that  lightning  and  electricity  are  the  same, 
446. 

Friction,  rubbing.    Must  be  allowed  for  in  mechanics,  53. 

Frogs,  experiments  on,  476. 

Fulcrum,  the  prop  or  centre  on  which  a  lever  turns.  What  meant 
by,  39. 

Gralvani  (Dr.),  his  discoveries,  462.    Experiments  on  frogs,  ib. 

Galvanic  batteries,  how  formed,  465.    Shock,  ib. 

Galvanism,  what  it  is,  462.    From  what  it  derived  its  name,  ib. 

The  same  as  electricity,  t&.    Made  apparent  to  the  senses,  463. 

Positive  and  negative,  459.    Summary  of,  ib. 
Garden-engines  described,  212. 
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Gas,  a  kind  of  air,  464.  Hydrogen,  how  procured,  tb.  How  collected,  tl 

Gauge,  a  measure,  193. 

(Geocentric  place  of  a  planet,  what  meant  by,  126.     Longitude,  ib. 

Globe,  a  representation  of  the  earth,  83. 

Glue,  for  what  used,  11. 

Gravity,  the  tendency  which  bodies  have  to  the  centre  of  the  earth. 

Centre  of,  what  meant  by,  21.    How  found,  22.     Acts  upon  all 

bodies,  12.     The  law  of,  12,  22.    Illustrated,  16,  19. 
Gravitation,  attraction  of,  defined,  11.    Instances   of,  ib.     By  this 

force  bodies  tend  to  the  centre  of  the  earth,  12. 
Gregory  (Pope),  rectifies  the  Julian  year,  102. 
Gunpowder,  how  fired  by  Voltaism,  474. 
Gutta-percha,  discovered,  482. 
Gymnotus,  described,  456.    Mode  of  catching,  457.     Experiments 

with,  458. 
Gjrroscope,  64. 

Hammer,  philosophical,  220. 

Hampstead,  the  fine  prospect  from,  345. 

Harmonical  glasses,  254. 

Harvest  moon  explained,  117.    Cause  of,  118. 

Heat  expands  all  bodies,  9.    The  cause  of  great,  94.      Scale  ofi  291. 

Of  a  day,  on  what  depends,  302. 
Height  of  any  place,  how  found,  19. 
Heliocentric  longitude,  126. 
Herschel,  the  planet,  when  discovered,  131.     Magnitude^  distance, 

&c.,  78,  131. 
Hiero's  crown,  cheat  respecting,  how  detected,  185. 
High-pressure  steam,  265. 

Hogshead,  how  burst  by  the  pressure  of  water,  164. 
Hooke  (Dr.),  his  microscope,  370, 

Hop-waggons,  dangerous  to  meet  in  an  inclining  road,  24. 
Horizon,  the  boundary  where  the  sky  seems  to  touch  the  surface  of 

the  earth  or  sea  87.    Sensible  and  rational,  ih.     To  which  we 

refer  the  rising  and  setting  of  the  sun,  88. 
Humidity,  increases  the  transparency  of  the  atmosphere,  303. 
Hydraulics,  hydrostatic  principles  applied  to  mills,  engines,  pumps, 

&c.  146. 
Hydrogen,  472. 
Hydro-electric  machine,  494. 

Hydrometer,  an  instrument  to  measure  the  strength  of  spirits  :  de- 
scribed, 190.    To  what  applied,  191. 
Hydrostatics,  the  origin  of  the  term,  146.     The  objects  of,  ib. 
Hydrostatical  balance,  178. 
•■ —  bellows,  described  and  explained,  162.      Press,  164, 

and  211.  Fluids,  pressure  of,  in  proportion  to  the  perpendicular 

heights,  164. 

paradox,  explained,  158 — 161. 


Hygrometer,  an  instnunent  by  which  the  moisture  of  the  air  is 
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measured,  294—298.    Its  construction  and  use,  295.    Different 
kinds  of,  296. 

Immerse,  to  plunge  in,  10. 

Impel,  to  drive  on,  29. 

Incidence,  lines  of,  260.    Angle  of,  308. 

Inclined  plane,  52. 

Incompressible,  not  capable  of  being  pressed  into  a  smaller  compass* 

148. 
Induction,  443. 
Inductive  capacity,  446. 
Inertia  of  matter,  its  tendency  to  continue  in  the  position  in  which 

it  is,  27. 
Ingenhouz  (Dr.),  referred  to,  11.    His  character,  ih. 
Interstices,  the  hollow  spaces  between  the  particles  of  matter,  4. 
Invisible  girl,  principle  of  its  mechanism,  249. 
Iron,  oxide  of,  464. 

Jupiter,  the  planet,  126.    Its  magnitude  ;  distance  from  the  sun  ; 

the  velocity  of  its  motion,  ib.     The  length  of  its  days  and 

nights,  127.    Satellites,  ib. 
Julius  Csesar,  the  part  he  took  in  reforming  the  year,  101. 

Lateral,  sidewise,  156. 

Latitude,  parallels  of,  92. 

Lead,  eleven  times  heavier  than  water,  158.  Oxide  of,  464.  Ace- 
tate of,  472. 

Leafi  gold,  silver,  &c.,  how  burnt,  467. 

Leaks,  in  banks,  how  secured,  169. 

Leap-year,  what  meant  by,  101.     Rules  for  knowing,  ib. 

Lenses,  different  kinds  described,  317.    Focus,  318. 

Levels,  construction  of,  149.     Use  of,  150. 

Lever,  a  bar,  crow,  &c.,  40.  For  what  used,  ib.  Why  called  a  me-' 
chanical  power,  ib.  Of  the  first  kind,  what  instruments 
referred  to,  43.  How  to  estimate  its  power,  ib.  Of  the  second 
kind,  what  instruments  referred  to,  44.  Of  the  third  kind, 
what  instruments  referred  to,  45. 

Levers,  how  many  kinds,  45.    TJieir  properties  illustrated,  ib. 

Leyden  pliial,  428.  When  first  discovered,  429.   Description  of,  430. 

Light,  its  great  velocity,  how  discovered,  306.  Of  what  composed, 
305.  Sun  subject  to  no  apparent  diminution,  ib.  Moves  in 
straight  lines,  307.  Kay  of,  what  meant  by,  ib.  Reflected  and 
refracted,  307 — 313.  Its  great  advantages,  324.  A  com- 
pounded body,  325.    Galvanic,  how  perceived,  465. 

Lightning,  conductors  for,  447. 

,  effects  of,  ib. 

Liquids  and  Fluids,  distinction  between,  146. 

Lines,  right,  what  meant  by,  2  (note). 

Locomotive,  267. 
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London,  how  sapplied  with  water,  172.    Bridge,  waterworks  at,  212. 
Long  days,  the  reason  of,  91. 
Longitude,  mode  of  ascertaining,  127. 
Lungs,  glass,  239. 

Machine,  electrical,  416. 

Magic  lantern,  375. 

Magnet,  described,  395.  Its  uses,  ib.  Directive  property,  i5. 
Artificial,  396.    Properties  of,  ih. 

Magnets,  how  to  make,  396. 

Magnetic  attraction  and  repulsion,  397.    Storms,  453. 

Magnetism,  summary  of  facts  and  principles,  405. 

Magnetization  of  light,  407. 

Magneto-crystalline  force,  409. 

Magneto-electricity,  450. 

Marbles,  reason  why  they  roll  to  greater  or  less  distances,  28. 

Mariner's  compass  described,  396.    Variation  of,  397. 

Mars,  the  planet ;  its  distance  from  thesim  ;  itsyelocity  ;  its  magni- 
tude, &c.,  124, 125. 

Matter,  every  substance  with  which  we  are  acquainted.  How 
defined,  4.  Capable  of  infinite  division,  ih,  Kemarkable 
instances  of  the  miaute  division  of,  ib. 

Maximum  thermometer,  288. 

Mechanical  powers,  how  many,  and  what  they  are,  37. 

Mechanics,  importance  of,  39.    Power  gained  by  them,  ib. 

Mercury,  the  planet ;  its  situation,  119. ;  and  Venus,  why  called 
inferior  planets,  tb.  Barely  seen,  120.  Its  distance  from  the 
sun  ;  its  velocity ;  its  size,  &c.,  ib. 

Metals,  some  more  sonorous  than  others,  244. 

Meteoric  stones,  how  accounted  for,  304. 

Microscope,  its  principle  explained,  368.    Single,  369.     How  made, 
370.    Compound,  ib.    Solar,  372. 
*  Minimum  thermometer,  288. 

Mirrors,  the  different  kinds,  329.    Concave,  331.    Convex,  336. 

Momentum,  the  moving  force  of  a  body,  14.  What  meant  by,  ib. 
Illustrated,  15. 

Month,  what  meant  by,  103.  Difference  between  the  periodical 
and  synodical,  ib. 

Moon,  to  what  laws  subject,  17.  Its  distance  from  the  earth,  104. 
When  in  conjuction,  ib.  When  in  opposition,  ih.  Probably 
inhabited,  106.    Volcanoes  in,  ib.    Ecfipses  of,  107. 

Moon  and  earth,  motion  of,  explained,  103.  Shines  with  borrowed 
light,  104.  The  length  of  her  diameter,  ib.  Phases  of,  ex- 
plained, 105.  Her  rotation  described,  ib.  Length  of  her  day, 
ib.    Length  of  her  year,  ib.    Harvest-moon,  see  Harvest,  117. 

Motion,  centre  of,  what  it  is,  37.  Laws  of  27  ;  the  first  illustrated, 
28  ;  the  second  illustrated,  29 ;  the  third  illustrated,  ib. ; 
must  be  committed  to  memory,  31. 

Motions,  circular,  exist  in  nature,  ib. 
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Muschenbroeck,  M.,  describes  the  electric  shock,  429. 

Muscular  current,  257. 

Multipljring  glass,  376. 

Musical  instruments  depend  on  the  air  for  action,  253. 

Nadir,  the  point  directjy  under  the  place  where  we  stand,  140. 

Nautical  Almanac,  its  use,  73. 

Needle  of  the  mariner's  compass,  402.    Dipping,  403. 

Neptune,  the  new  planet,  132. 

Nerves  and  muscles,  how  conductors  of  the  galvanic  fluid,  463. 

New  Style,  when  adopted,  102. 

Newton,  Sir  Isaac,  his  experiments  on  electricity,  412. 

Ninkler,  M.,  his  description  of  the  electrical  shock,  430. 

Nodes,  the  points  in  which  two  orbits  intersect  each  other,  107. 

Non-conductors,  414. 

Non-elastic  bodies,  35. 

Objects,  by  what  means  visible,  312.    The  image  of,  how  painted 

on  the  eye,  342. 
Oblate,  of  the  shape  of  an  orange,  82. 
Opaque,  dark,  106. 
Opposition,  when  the  moon  is  in,  104. 
Optical  delusion,  340. 
Orbit,  the  path  of  a  planet  round  the  sun,  or  of  a  moon  round  its 

primary.     The  earth's  orbit,  97. 
Orreries,  electrical,  461. 
Oxidation,  what  meant  by  the  term,  464. 
Oxide,  the  calx  of  a  metal,  ib.    What  meant  by  the  term,  ib. 
Oxygen,  magnetic,  396. 

Paley,  Dr.,  his  Natural  Theology  referred  to,  345. 

Papin's  digester  described,  271.     One  burst,  273. 

Parker,  Mr.,  his  large  burning-glass,  319. 

Pendulum,  61.    Its  laws,  62.    Botation,  64. 

Percussion,  a  stroke,  244. 

Phantasmagoria,  375. 

Phenomenon,  an  appearance  in  nature,  451. 

Phial,  Leyden,  where  discovered,  428. 

Philosophy,  what  it  is,  1.  Natural  and  experimental,  the  introduc- 
tion to,  not  difficult,  ib. 

Photographs,  383. 

Pisa,  tower  of,  leans  out  of  the  perpendicular,  23. 

Plane,  inclined,  explained,  52.  Examples  respecting,  ib.  What  in- 
struments referable  to,  53. 

Planets,  their  numbers  and  names,  79,  80.  Characters  of,  80.  Lati- 
tude of,  71,  The  order  of  their  motions,  72.  How  to  find  their 
distances,  120.    Synopsis  of,  139. 

Pneumatics,  what  treated  of  under,  215. 

Points,  cardinal,  69. 
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Polarization,  377. 

Pole-star,  its  use,  69. 

Poles,  83.  Apparently  stationary,  88.  Only  one  day  and  one  night 
in  the  year  at,  96. 

Press,  hydrostatical,  164. 

Priestley,  Dr.,  his  History  of  Electricity  referred  to,  411. 

Price,  Dr.,  referred  to,  18. 

Prism,  the  efifect  of,  325. 

Pseudoscope,  353. 

Puddling,  what  meant  by  the  term,  169. 

Pulley,  how  explained,  49.  The  single  gives  no  advantage,  50. 
The  moveable,  51.  Disadvantages  attending  pulleys,  ib.  Con- 
centric pulley,  ib. 

Pump,^rinciple  of,  208.  Forcing-pump  described,  211.  Rope- 
pump,  212.    Chain-pump,  213. 

Pyrometer,  its  construction  and  use,  293. 

Quicksilver,  the  pressure  of  a  column  of,  221. 

Radiant  points,  from  whence  rays  of  light  flow  in  all  directions,  324. 

Rainbow,  the  cause  explained,  358.  Artificial,  360.  Curious  ones 
described,  ib. 

Rain,  cause  of,  explained,  303.    An  electrical  phenomenon,  325. 

Rain-gauge,  its  construction,  293.    How  it  is  used,  299. 

Rays,  pencil  of,  what  meant  by,  317.    Parallel  definition  of,  ib. 

Reflection,  rebounding  back,  309.  Its  powers  in  apparently  multi- 
plying objects,  67,  68.    Line  of,  explained,  250.     Of  light,  307. 

Refracting  index,  313. 

Reftaction,  inclining  or  bending  out  of  a  direct  course,  310 — 315. 
Its  power  in  apparently  multipl3ring  objects,  67,  68.  Of  light, 
310.    Optical  deception  arising  from,  315. 

Repulsion,  driving  away,  what  meant  by,  427.    Instances  of,  ib. 

Residuum,  electrical,  what  meant  by,  432. 

Retrograde  motion,  by  which  the  heavenly  bodies  appear  to  go 
backwards,  125. 

Reverberate,  to  beat  back,  250. 

River,  New,  how  it  supplies  London  with  water,  173.  Reservoirs 
belonging  to,  ib. 

Rivers,  banks  of,  mast  be  very  thick,  169. 

Rolling  globe,  walking  on  a,  26. 

Rose-coloured  prominences  of  sun,  110. 

Rotation  of  earth  visible,  64. 

Roundabouts,  the  principle  of,  38. 

Rope-pimip,  212. 

Savery,  Capt.,  supposed  inventor  of  the  steam-engine,  259. 
Saliva,  decomposed  by  galvanism,  463. 

Salt,  whatever  has  a  sharp  taste,  and  is  soluble  in  water,  296. 
Salt  Water,  heavier  than  fresh,  consequence  of  to  a  loaded  vessel,  193. 
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Satellites,  moons,  129. 

Saturn,  the  planet,  how  knomi,  128.  Its  magnitude,  129.  Distance 
from  the  sun,  velocity  of  its  motions,  ib.  Its  satellites  and 
lings,  ib.    The  length  of  its  day  and  night,  130. 

Scioptric  baU,  323. 

Screw,  an  inclined  plane  wrapped  round  a  cylinder,  56.  Its  principle 
explained,  ib.  Of  what  composed,  ib.  Examples  of,  57.  Used 
by  paper-makers,  59.    Its  power  estimated,  60. 

Screw-pile,  60. 

Screw-steamer,  60. 

Season,  the  hottest,  94. 

Seasons,  variety  of,  on  what  depends,  94 — ^96.  Different,  how  ac- 
counted for,  ib. 

Shadow,  of  the  earth,  its  form,  107. 

Sight  and  hearing  compared,  308. 

Signs,  astronomical,  74.    See  Zodiac. 

Silurus  electricus,  described,  456. 

Silver,  experiment  with,  463. 

Slaves,  how  they  get  at  their  master's  rum,  191. 

Smoke,  the  reason  of  its  ascent,  238. 

Smoke-jack,  its  principles,  256. 

Solar  system  described,  77 — 80. 

Solder,  for  what  used,  11. 

Sound,  conductors  of,  243.  How  far  it  may  be  heard,  245.  How 
fast  it  travels,  246.    Velocity  of,  applied  to  practical  purposes,  ib. 

Southing,  moon's,  76. 

Sovereign,  specific  gravity  of,  179. 

Spark,  electrical,  its  nature,  438.    Galvanic,  its  power,  466. 

Speaking  trumpet,  247.    Images,  249. 

Specific  gravity,  what  meant  by,  1.54.  Of  bodies,  explained  and! 
iUustrated,  174—190.    How  to  find,  178.    Table  of,  189. 

Spectacles,  their  construction,  uses,  and  different  kinds,  355. 

Spirit,  rectified,  what  meant  by,  192. 

Spots  on  the  sun,  141. 

Springs,  intermitting,  explained,  199. 

St.  Paul's,  whispering  gallery  of,  principle  explained,  252. 

Stars,  how  to  find  the  ntimes  of,  70.  Fixed,  their  number,  ib.  May 
be  distinguished,  ib.  Why  marked  on  the  globe  with  Greek 
characters,  71.  Fixed,  their  apparent  motion,  84.  Why  not 
seen  in  the  day,  88.  Fixed,  their  immense  distance,  143. 
Fixed,  description  of,  ib.    Their  uses.  145. 

Steam-Engine,  its  use,  259.  When  invented,  ib.  Its  structure,  261, 
The  application,  272.  Its  power  calculated,  273.  Accidenta 
occasioned  by,  ib. 

Steelyard,  a  sort  of  lever,  42.  Its  principle  described,  ib.  Its  ad-* 
vantages  over  a  pair  of  scales,  ib. 

Stereoscope,  348. 

Stones,  meteoric,  304. 

Style,  new  and  old,  101* 


SOS  GLOS8AS7   AND   INDEX. 

Suction,  no  such  principle  in  nature,  224,  225. 

Summers,  two  in  a  year  in  some  places,  96. 

Sun  and  clocks,  seldom  together,  77. 

Sun,  declination  of,  76.  Longitude  of,  tb.  Has  little  latitude,  ib. 
Its  magnitude,  78.  Why  it  appears  so  small,  ib.  Its  distance 
from  the  earth,  79.  Annual  motion  of,  how  observed,  72.  Nearer 
to  the  earth  inVinter  than  in  summer,  94.  iEclipees  of,  106. 
A  description  of,  109.  • 

Sun  pictures,  384. 

Swimming,  theory  of,  193.  How  to  be  attained,  195.  Less  natural 
to  man  than  to  other  land  animals,  194. 

Syphon,  the  structure  of,  explained,  196.    Its  principle,  197. 

Syringe,  its  structure  explained,  221.  Condensing  one  described,  235. 

Tables,  galvanic,  461. 

Tangent,  a  straight  line  touching  the  circumference  of  a  circle  in 
one  point,  2,  83. 

Tangible,  capable  of  being  felt  or  handled,  4. 

Tantalus's  cup,  198. 

Taste,  a  disagreeable  one  excited  by  the  union  of  metals  placed  on 
and  under  the  tongue,  463.    How  accounted  for,  ih. 

Telescope,  refracting,  explained,  360.  Night»  364.  Reflecting,  ex- 
plained, 365.    Dr.  Herschel's,  366. 

Telescope  ¥m*e8,  5. 

Temperatures  of  the  air,  to  what  limited,  302 — 304. 

Terms,  technical,  derived  from  the  Greek  language,  146. 

Thermo-electricity,  495. 

Thermometer,  its  construction  and  uses,  286 — 292.  Its  scale,  287, 
Wedgwood's,  290.  Reaumur's  scale  compared  with  Fahren- 
heit's, 291.    Heat,  scale  of,  ib. 

Thunder,  how  produced,  453.    Thunder  clouds,  454. 

Tides,  the  cause  of,  explained,  113 — 116.  Two  every  twenty-five 
hours,  115.  Different  in  different  places,  116.  When  the  highest 
happen,  ib. 

Time,  equal  and  apparent,  how  distinguished,  97.  On  what  the 
difference  depends,  98.    Equation  of,  ib.    Division  of,  102. 

Time  and  space,  clear  ideas  of,  necessary  to  be  formed,  38. 

Time-signals,  485. 

Torpedo  described,  456. 

Torricellian  experiment,  222,  275. 

Transferer,  an  instrument  used  in  Pneumatics,  225. 

Transit  of  Venus,  her  passage  over  the  sim's  face,  122. 

Transit  telescope,  364. 

Transmission  of  sound,  243.    Wheatstone's  experiments,  ih. 

Trembling-eel  noticed,  458. 

Triangle,  what  meant  by,  3.  Any  two  sides  of,  greater  than  the 
third,  33. 

Tropics,  circles  parallel  to  the  equator,  99. 

Trumpet,  speakmg,  described,  247.    When  first  used,  248. 
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Trumpets  for  deaf  persons,  249. 
Tube,  a  pipe,  297. 

Twilight,  the  degree  of  light  experienced  between  sun  setting  or 
rising  and  dark  night,  117. 

Undulation,  swinging  or  vibrating,  308. 

Vacuum,  a  place  void  of  air,  222,  22 1. 

Valve,  a  sort  of  trap-door,  208,  273. 

Valves,  what  meant  by,  208. 

Vegetables,  how  blanched,  327. 

Velocity,  a  term  applied  to  motion,  18.  Accelerating,  what  meant, 
by,  ib. 

Venus,  the  planet,  its  distance  from  the  sun ;  the  velocity  of  its 
motion;  its  magnitude,  121.  Why  an  evening  and  why  a 
morning  star,  122.    Transit  of,  what  meant  by,  ib^ 

Vernier,  its  construction  and  use,  2177. 

Vertex,  the  top  of  anything,  109. 

Vibration,  the  swinging  motion  of  a  pendulum,  61. 

Vis  inertisB,  32. 

Vision,  the  manner  of,  343. 

Volatile,  any  light  substance  that  easily  evaporates,  5. 

Volcanoes  in  the  moon,  106. 

Voltaic  batteries,  465,    Shock,  ib.    Circles,  468. 

Voltaism,  464.    Experiments,  &c.,  466. 

Wall,  leaning  one  at  Bridgenorth,  23. 

Water,  considered  incompressible,  143.  Pure  rain,  the  standard  to 
compare  other  bodies  with,  175.  Weighs  the  same  every- 
where, ib.  Always  deeper  than  it  appears  to  be,  195,  313. 
How  raised  from  deep  wells,  214.  Formed  of  two  gases,  467, 
Decomposed,  ib. 

Water-clocks,  168. 

Water-press,  213. 

Water-spouts,  their  cause,  453.    How  dispersed,  ib. 

Weather,  rules  for  judging  o^  300.  Why  very  bright  before 
rain,  303. 

Wedge,  a  triangular  piece  of  wood  or  metal,  to  cleave  stone,  &c.,  55. 
Its  principle  explained,  ib.  Its  advantages  in  cleaving  wood, 
ib.    What  instruments  referred  to,  ib, 

Wedgwood's  Thermometer,  290. 

Weight  of  bodies  in  vacuo,  240. 

Well,  how  to  find  the  depth  of  one,  19. 

Wheatstone,  Universal  Telegraph,  487. 

Wheel  and  Axle,  described,  46.  For  what  purposes  used,  ib.  Its 
power  estimated,  ib.  How  increased,  ib.  Explained  on  the 
principle  of  the  lever,  49. 

Whirlwinds,  453. 

Whispering  Gallery,  252. 
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White,  Mr.  James,  his  patent  pulley,  51.  i 

Wind,  what  it  is,  255.    The  cause  of,  257.     Experiment  on,  th.    ] 

Definition  of,  256.    How  to  find  its  velocity,  257. 
Wind-gun,  the  magazine,  241. 
Windsor,  rope-pump  at,  213. 
Winter,  why  colder  than  summer,  94. 
Wood,  burned  to  a  coal  in  water,  319. 

Year,  its  length,  how  measured,  101.  Gregorian,  what  meant 
by,  102.  The  beginning  of,  changed  from  25th.  of  March  to 
Ist  of  January,  tb. 

Zenith,  that  point  of  the  heavens  which  is  over  our  head,  and  from 
which  a  straight  line  passing  through  the  spectator  and  extended, 
would  proceed  to  the  centre  of  the  earth,  140. 

Zinc,  experiment  with,  463. 

Zodiac,  a  belt  in  the  heavens,  sixteen  degrees  broad,  throngh  whidi 
the  ecliptic  runs,  74.    Signs  of,  tb. 
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